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Development of ionization gauge for a study of the upper atmosphere

# Tsubasa Oohayata[1]; Takumi Abe[2]; Shigeto Watanabe[3]; Wataru Miyake[4]
[1] Tokai Univ.; [2] ISAS/JAXA,; [3] Cosmosciences, Hokkaido Univ.; [4] Tokai Univ.

In the Earth’s atmosphere above 70 km, a part of the neutral atmosphere is ionized by various ionization processes. Since
electromagnetic force acts on the ionized atmosphere, the neutrals and charged particles mostly move in the different direction
then momentum is transferred each other due to collisions between these particles. It is thought that this momentum transpc
plays an important role in phenomena in this region. Thus, it is important to measure the neutral density and wind, which deter
mine the momentum of the neutral particles, to understand such a basic process.

In this study, we try to develop an instrument to measure density of the neutral atmosphere and neutral wind in the lowel
thermosphere, assuming that it is installed on the sounding rocket. In particular, we focus on developing an ionization gaug
which can be used for a pressure up to4®a corresponding to that at 150 km altitude. lonization gad@2F made by
Canon Anelva is considered as a candidate of applicable element.

In terms of measurement on the sounding rocket, the shape of the container in which the ionization gauge is housed is i
portant. In the past measurement of atmospheric density using the ionization gauge, it was housed in spherical or cylindrice
containers, but common understanding of an optimal shape has not been obtained. In this study, we use DSMC (Direct Sir
ulation Monte Carlo) method which can simulate the rarefied gas flow for consideration of the shape of the container. Wher
atmospheric pressure is low (e.g. lower thermosphere) and spatial scale of the gas flow is small, Navier-Stokes equation is n
valid because the flow cannot be treated as continuum. The DSMC method can simulate the rarefied gas flow in such a situatic
through the calculation of motion and collision of sample particles.

First, in order to confirm a validity of the DSMC method to simulate the rarefied gas flow around the ionization gauge and
accuracy of the calculation algorithm, we compare a result form the DSMC method with the experiment which is performed in
the vacuum chamber. In the experiment, we demonstrate the upper atmosphere environment using the vacuum chamber in whi
wind is induced due to pressure difference. The pressure distribution around the wind flow is measured by MG-2F. On the othe
hand, the flow and the pressure around the experimental system are simulated by using the DSMC method. Since both of resu
mostly in a good agreement, validity of the DSMC method was confirmed.

There are two categories of the container for the ionization gaggentype or closedtype. For the former, atmospheric
particles which enter the container flow outward after they pass through the ionization gauge. For the latter, they stay insids
the container. We need to use properly the container type depending on background atmosphere density and measurement el
ronment. In the case aflosedtype, a pressure value measured by the ionization gauge may be different from the background
atmospheric pressure depending on the amount of inflow. Therefore, for accurate measurement, it is important to design the sha
of the ionization gauge so that we can show a relation between the background pressure, the amount of inflow to the containe
and pressure (neutral density) from the ionization gauge.

We are now considering the optimal shape of the container using the DSMC method, assuming that we use MG-2F. In thi:
presentation, we will show the result of our comparison between the DSMC simulation and the measurement in the vacuun
chamber, and will also explain the desirable shape of the container for MG-2F and an idea of measurement on sounding rocket
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Development of ion drift velocity analyzer for sounding rocket (1)
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Charged particles and neutral particles co-exist in the lower ionosphere. The charged particles tend to move in a directio
different from neutral particles, because of a difference in those behaviors against the electromagnetic force. The ionospher
current and ambipolar electric field existing in this region are attributed to a difference in a collision frequency between ion
and electron with neutral particles. Characteristic phenomena such as traveling ionospheric disturbance and electron densi
irregularity are significantly generated due to the diversity of the particles in this region. The momentum transfer between the
charged and neutral particles plays an important role in generating these phenomena. Sounding rocket is only the platform whic
enables us to make in-situ measurement in this region because low-altitude satellite cannot be in orbit for a long time due to th
atmospheric drag. Thus, itis desirable to make a direct measurement of charged and neutral particles by using instrument on t
sounding rocket to further understand such unresolved phenomena.

Lithium Ejection System (LES) or Trimethyl Aluminum (TMA) instruments have been adapted for sounding rocket experiment
to get the local information on neutral wind in the lower ionosphere. In contrast, no instruments to measure a drift of the
ionospheric ions is now available in Japan, and it is not practical to estimate the ion drift with good accuracy from the electric field
measurement. Therefore, our understanding of interaction between charged and neutral particles has not made much progr
because of a lack of instrument for this purpose. Unfortunately, it is very difficult to reproduce a coupling between charged anc
neutral particles on the ground, and therefore direct measurements by sounding rocket in the lower ionosphere is only the way
provide quantitative information.

Under such a background, we have started developing an ion drift velocity analyzer which enables us to estimate the ion drif
velocity and density so that it can be installed on the sounding rocket. It is well known that lon Drift Meter (IDM) or Retarding
Potential Analyzer (RPA) had been installed on low-altitude satellite, such as Dynamic Explorer-2 and Atmospheric Explorer
series. Our instrument will be required to have both of these functions. It will also be possible to make simultaneous measuremel
of the ion drift and neutral wind in the sounding rocket experiment when our development succeeds in the future. Then, we will
be able to conduct quantitative discussion on the coupling between charged and neutral particles.

As an actual schedule, a numerical simulation to design an internal structure of the instrument was already started. Th
prototype model will be made after we obtain a confident prospect that the instrument provides the ion density and velocity
in a good accuracy. Then, we will evaluate a performance of this prototype instrument. The latest status of our instrumen
development will be explained in the presentation.
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Proposition of accurate analytical method for wind measurement of cusp region using
Barium and Strontium chemical releases
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In the cusp region, there are phenomena such as aurora and density fluctuation of neutral atmosphere due to the energy in|
from outer space. The density fluctuation of neutral atmosphere causes global density fluctuation in thermosphere and affec
altitude and orbital motion of low orbital satellites (LEO) and space debris. For safer operation of the satellites, accurate pre:
diction of the density fluctuation of neutral atmosphere is indispensable. Recently, in the cusp region, density rising of neutra
atmosphere was discovered, which presumed to be caused by Joule heating due to small scale fluctuation of the electric field.
order to support this phenomenon, there is a method of releasing Ba (to be ionized in a short time by extreme ultraviolet (EUV)
from the Sun) and Sr (not ionized in a short time) from a sounding rocket, then observing resonance scattering emission of Ba
and Sr simultaneously from multiple sites so as to obtain fluctuation of the electric field and Joule heating.

In November 2014, we conducted a US-Japan joint rocket experiment called the Cusp Region Experiment 1 (CREX-1) in the
Arctic region, but we could not observe the cusp region at that time. Currently, we are planning a space experiment, based on tt
CREX-1 results, using two sounding rockets of the Cusp Region Experiment 2 (CREX-2) and the Joint Japan-US Cusp Heatin
Investigation (CHI) aiming at observing of the cusp region in December 2019.

In CREX-1, at Andoya Rocket Range in Norway, we launched an sounding rocket equipped with 24 discerptible type small can-
isters that release Ba/Sr gases. Canisters released the both gases at multiple altitudes after separating from the rocket at plan
altitudes. Resonant scattering emission of released Ba@ajases was optically observed from two points of Longyearbyen
and Ny-Alesund in Svalbard, and the position of the multiple luminescent cloud was determined every successive moment b
triangulation, and ion drift and neutral atmospheric wind speed were measured. Since the wavelengths of the emission are 553
nm for Ba, 455.4 nm for Ba and 460.7 nm for Sr, respectively, two cameras for Ba ant/8awith a bandpass filter with a
width of 12 nm were installed at each site. The experiment was carried out in the morning with good S/N between the luminescen
cloud and the background. As a result, 10 canisters in 24 successfully released Ba/Sr gases between the altitude of 393.82 |
and 198.90 km (Kakinami et al., 2015), but they were released where deviated location from the cusp region, direct observatio
of the cusp region was not fulfilled at that time.

In the experiment scheduled in December 2019, simultaneous launches of the CREX-2 from Andoya and the CHI from Ny-
Alesund are planned, with releasing Ba/Sr gases in a wide range of the cusp region to capture the cusp reliably, so as to measi
the neutral atmospheric wind and ion drift. Also, to observes Bad Sr independently, we plan to install a 4 nm bandpass filter
on the cameras. In addition, the time resolution will be improved by using a high sensitivity camera using the latest imaging
sensor.

Currently, with the aim of establishing highly accurate observation methods and analytical methods for the CREX-2 and CHI,
we are working on proposing/establishing a method to correct the lens distortion using the background stars, a method of me:
suring the position of weighted illuminating center of each tracer, and a method of obtaining the appropridten@iaating
area of spreading along the direction of geomagnetic field lines, based on the CREX-1 data. In this presentation we will repor
initial results of the proposing methods.

References:
Y. Kakinami, S. Watanabe, M.-Y. Yamamoto, D. Kihara, M. Conde and M.F. Larsen, Measurement of thermospheric wind and
plasma drift using barium strontium in cusp region, the 138th SGEPSS Meeting, 2015.
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Recent progress of EISCA3D (Next-Generation Incoherent Scatter Radar Project for
Atmospheric and Geospace Science) (7)
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EISCAT_3D is the major upgrade of the existing EISCAT mainlamd radars, with a multi-static phased array system composed
of one central active (transmit-receive) site and 4 receive-only sites to provide us 50-100 times higher temporal resolution thal
the present system. The construction of EISC3D is planned to implement by 4-staged approach, starting from the core site
with half transmitting power about 5SMW and 2 receiving sites at Kaiseniemi (Sweden) and Karesuvanto (Finland) at the 1st
stage. Sweden, Norway, Finland and UK have successfully secured their national funding for the construction of the 1st stag
of EISCAT_3D by April 2017. After careful examinations and discussions on possible future funding scenarios, the EISCAT
Council has officially started the implementation of the 1st stage of EISBIATrom 1st September 2017 to be completed by
the end of 2021 including a commissioning of the whole radar system.

The EISCAT.3D program in Japan, on the other hand, was applied to the Master Plan 2017 of the Science Council of Japan a
a part of 'Study of Coupling Processes in the Solar-Terrestrial System’(Pl: Prof. Toshitaka Tsuda, Kyoto Univ./ROIS), and has
been granted as one of 28 high-priority programs of Master Plan 2017. In parallel to funding proposals for BIS@Aihe
Ministry since 2014, the National Institute of Polar Research has been developing the EISCAT 3D transmitter power amplifier
(SSPA) modules to contribute in-kind for the verification test system at Tromso site and the 2nd stage of B[3@1ihe
Skibotn core site. In this paper, we overview the current status of the project implementation and our development regarding th
EISCAT 3D transmitter sub-system.
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Anomalous enhancement of ambipolar diffusion coefficient observed by three meteor
radars installed in the polar region

# Toru Takahashi[1]; Masaki Tsutsumi[1]; Yasunobu Ogawa][1]; Satonori Nozawa[2]; Chris Hall[3]; Hiroshi Miyaoka[1]
[1] NIPR; [2] ISEE, Nagoya Univ.; [3] TGO, UiT

Meteor radars detected echoes of meteor tails as a tracer of neutral wind from an altitude of 75 to 100 km (Hall et al., 2005)
Using a decay time of the echo power, the meteor radar estimated the ambipolar diffusion coefficient, which depends on th
ion and electron temperature. The ambipolar diffusion coefficient allows to estimate the neutral temperature because ion ar
electron temperatures are generally in thermal equilibrium with the neutral temperature. Recently, an anomalous enhanceme
of the ambipolar diffusion coefficient was observed by the meteor radar installed at Tromsoe, Norway (69.6N, 19.2E). This
anomaly could not be explained by neutral temperature enhancement. A previous study compared the anomalous enhancem
with ion velocity and ion and electron temperatures observed by EISCAT radar (Tsutsumi et al. 2017). They reported that the
anomalous enhancement tended to appear usually at 16 UT and accompanied by an enhancement of ion velocity and electr
temperature. During a case study, the anomalous enhancement was not seen during an event of high energy particle precipitat
on November 17, 2012. This suggests that the anomalous enhancement is be generated by the intense electric field and hi
energy particle precipitation is not always necessary for its generation. Currently the generation mechanism of the anomaloL
enhancement is still unclear. To clarify this, we need to compare the spatial distribution of the anomalous enhancement with th
convective electric field. Three meteor radars have been installed at Tromsoe, Bear island (74.5N, 19.0E), and Longyearbye
(78.2N, 16.2E). These meteor radars almost align on the same longitude line and provide spatial distribution of the anomalou
enhancement. All meteor radars are a commercially produced VHF system (ENDR8-20) manufactured by ATRAD Pty Ltd. The
antennas were produced by the Arctic University of Norway (Nozawa et al., 2012, JGR; Hall et al., 2002, GRL, Hall et al., 2006,
JASTP).

Peaks of occurrence rate were seen at 20-22, 19-21, 16-19 MLT ("UT+3) at Tromsoe, Bear island, and Longyearbyen latitude:
respectively. This indicates that the anomalous enhancement appeared sequentially from high to low latitudes. In the mornin
sector, the peak of occurrence rate was only seen at 2-6 MLT above Bear island. In the case of high geomagnetic ae8yity (Kp
the evening peaks of the occurrence rate shifted to an earlier time. Clear occurrence peaks in the morning sector appeared
3-5, 4-8, 7-10 MLT, respectively. The anomalous enhancement had a high probability of 90% 100 km south of Tromsoe. Thest
characteristics at times of high geomagnetic activity showed good agreement with the geomagnetic activity dependences
convective electric field.

We also found that peak occurrence rate in the evening sector was larger than in the morning sector. This can be relate
to auroral arcs appearing with intense electric field mainly observed in the evening sector. Thus, the generation of anomalou
enhancement seems to relate both the convective electric field and the appearance of auroral arcs.

We will show the spatial distribution, MLT and geomagnetic activity dependence of the anomalous enhancement and its
comparison with the electric filed observed by EISCAT and EISCAT Svalbard radars.
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Temperature and metallic atom variability near the mesopause by resonance scattering
lidar at Syowa, Antarctica in 2017-18.

Takanori Nishiyama[1]; # Mitsumu K. Ejiri[1]; Takuo Tsuda[2]; Katsuhiko Tsuno[3]; Makoto Abo[4]; Takuya Kawahara[5];
Satoshi Wada[6]; Takuji Nakamura[1]
[1] NIPR; [2] UEC; [3] RIKEN; [4] System Design, Tokyo Metropolitan Univ.; [5] Faculty of Engineering, Shinshu University;
[6] ASI, RIKEN

The National Institute of Polar Research (NIPR) is leading a prioritized project of the Antarctic research observations. One of
the sub-project is entitled the global environmental change revealed through the Antarctic middle and upper atmosphere. Profilin
dynamical parameters such as temperature and wind, as well as minor constituents is the key component of observations in tt
project, together with a long term observations using existent various instruments at Syowa, Antarctica (69S). As a part of the sut
project, we developed a new resonance lidar system with multiple wavelengths. The lidar has a capability to observe temperatu
profiles and variations of minor constituents such as Fe, K, Ca+, and aurorally excited N2+. The lidar system installed at
the Syowa Station by the 58th Japan Antarctic Research Expedition (JARE 58) in January 2017 and then its observation he
been continued. In this presentation, we will report temperature and metallic atom density variability in Mesosphere-Lower
Thermosphere region based on 2-years observations from 2017 to 2018.
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Horizontal temperature gradients in the polar MLT region above Tromsoe using sodium
LIDAR data

# Satonori Nozawa[1]; Yasunobu Ogawa|[2]; Hitoshi Fujiwara[3]; Takuo Tsuda[4]; Takuya Kawahara[5]; Norihito Saito[6];
Satoshi Wada[6]; Tetsuya Kawabata[1]; Toru Takahashi[2]; Masaki Tsutsumi[2]; Chris Hall[7]; Asgeir Brekke[8]
[1] ISEE, Nagoya Univ.; [2] NIPR; [3] Faculty of Science and Technology, Seikei University; [4] UEC; [5] Faculty of
Engineering, Shinshu University; [6] ASI, RIKEN; [7] TGO, UiT; [8] Science and Technology, UiT

We have analyzed 2700 hours of temperature data obtained with the Tromsoe sodium LIDAR over 7 winters between Octobe
2012 and February 2018, and we have calculated horizontal temperature gradients in the polar mesosphere and lower therm
sphere (MLT) region between 83 and 105 km. The sodium LIDAR operated at the EISCAT Tromsoe site (69.6 deg. N, 19.2
deg. E) has a capability of simultaneous five-directional measurements of temperature and sodium density with good (3 min/50
m) resolutions. Configurations of the sodium LIDAR observational directions are as follows: vertical position, south (Azimuth=
180 deg.), north (Azimuth = 0 deg.), west (Azimuth = 270 deg.), and east (Azimuth = 90 deg.). The elevation angle was set tc
be 77.5 degrees between 2013 and 2016 seasons, while it was 60 degrees for 2 seasons in 2012 and 2017. Here we call inte
between October and March as season, since the LIDAR measurements were made only for the interval.

We made a statistical study of the temperature gradients. For the statistical study, we have used data sets with their leng
longer than 4 hours at each night, then we have 187 nights in total: winter (between October 21 and February 23) for 163 night:
and equinox for 24 nights. On average over the 163 nights, the northward temperature gradient is negative (i.e. it was warme
in the south than in the north), and about -0.004 K/km at maximum below 97 km in winter, while it was positive above 97 km.
The positive meridional temperature gradient above 97 km is consistent with that of Maeda et al. (JGR, 2004JA010893, 2005
who derived temperature gradients utilizing ion temperature data obtained with two EISCAT radars at Longyearbyen (78.2 deg
N, 16.2 deg. E) and Tromsoe; the gradients were calculated in a much larger scale compared to that of this study. The averag
zonal temperature gradient was about zero between 85 and 96 km, and it was westward above 96 km. Year-to-year variations &
also found: they are more significant above 97 km in the both directions. Southward temperature gradients below 97 km seem
be a common feature over the 6 years except for 2012 season.

Then, we have investigated variations of temperature gradients on nightly basis. In this talk, we will present results of case
studies about the temperature gradients in the polar MLT region. In particular, we focus on effects of auroral activities as well as
influence of Sudden Stratospheric Warming (SSW).
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Study of high-latitude quiet-time mean thermospheric winds with a Fabry-Perot
interferometer in Tromsoe, Norway

# Hegiucen Xu[1]; Kazuo Shiokawa[1]; Shin-ichiro Oyama|2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.

In the previous study, we have studied thermospheric wind variations at the onsets of isolated substorms by using a Fabn
Perot interferometer (FPI) in Tromsoe Norway. In this research, we investigated nightside mean thermospheric winds durin
periods of geomagnetically quiet condition. The wind variations were measured from the Doppler shift of both red line (630.0
nm, altitudes: 200-300 km) and green line (557.7 nm, altitudes: 90-100 km) emissions with a time resolution of “13 min for
deriving each wind vector. We used the X-component of local magnetometer data and Kp index to indicate the locally and
globally quiet conditions, respectively. At first, we found that the wind pattern in Tromsoe can be affected by the geomagnetic
activity even under quiet conditions (Kp &lt; 1+ and the variation of X-component is less than 50 nT from 3 hours before the
wind observation) when considering the typical tidal structures. We discussed these quiet-time results with our previous ever
study regarding effects of the substorm onset. We also investigated the dependence of quiet-time winds on various paramete
for example, the geomagnetic activity level, solar radiation, and interplanetary magnetic field conditions. At F-region height, we
found that the quiet-time winds at duskside are more sensitive to the geomagnetic activity level than those at dawnside. Wiitl
greater 10.7 cm solar radio flux (F10.7), the eastward wind changed its direction to the west in the post-midnight sector, while
the northward wind shows a larger amplitude at the pre-midnight sector.
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Can the SuperDARN radar make estimates of thermospheric neutral density?

# Michael J. Kosch[1]; Nozomu Nishitani[2]
[1] SANSA; [2] ISEE, Nagoya Univ.

Using the ion-momentum equation in the F-region ionosphere, simplified for field-perpendicular ion motion only, we derive
an expression for the ion-neutral collision frequency that depends primarily on the temporal and spatial variability of the ion
velocity. The ion-neutral collision frequency is primarily a function of neutral density in the thermosphere. SuperDARN radars
are very suited to this type of observation because of their large coverage of the F-region ionosphere, mesoscale range resoluti
and frequency agility. Trial observations have been performed on some SuperDARN radars using a special mode. These shc
that realistic estimates of thermospheric neutral density, compared to the MSIS model, can be obtained. Since HF radio wav
propagation refracts in the F-region ionosphere, a functional comparison is only possible with reliable and accurate ray tracing
Problems with ray tracing and assumptions made are discussed.
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Characteristics of the tropical tropopause inversion layer using high resolution
temperature profiles by COSMIC GPS-RO

# Noersomadi Noersomadi[1]; Toshitaka Tsuda[1]; Masatomo Fujiwara[2]
[1] RISH, Kyoto Univ.; [2] Hokkaido U.

Using long-term observation of COSMIC GPS-RO with 0.1 km vertical resolution in the upper troposphere and lower strato-
sphere (UTLS), we investigate global distribution of static stability)(dhd the variation of tropical TIL, the sharp gradient of
temperature profile which is related td NVe show the mean®Nn the conventional height coordinate and relative to both Lapse
Rate Tropopause (LRT) and Cold Point Tropopause (CPT) locations in the vertical. The double layers of $tappga in
the tropics, within 1 km and near 2 km above LRT height. When theidfiles are averaged relative to CPT height, it shows
a single thin layer less than 1 km in thickness with maximum about 12.0°% $0?. The mean and standard deviation of TIL
sharpness (S-ab) is (10.5 +- 3.7) x ¥0s~2 and about 70% of TIL thickness (dH) are in the range 0.4 +- 0.04 km. Seasonal
variations of S-ab and dH are closely related with the deep convections as shown by low Outgoing Longwave Radiation (OLR)
values. S-ab anomaly (S-&phas anti phase with OLR anomaly (OLRboth in 90-150E and 170-230E regions. The correlation
between S-ab and Sea Surface Temperature (SST) Nind*3ntlex over Pacific region is +0.88 which means during EI-Nino
Southern Oscillation (ENSO) warm event, warmer SST produces more deep convections which tend to force the air upwart
to the tropopause layer and enlarge the temperature gradient. Intraseasonal variationt afi Svafast and slow episodes of
Madden-Julian Oscillation (MJO) demonstrated that eastward propagations of posititeafeatssociated with organized deep
convections. This suggests convective activity in the tropics influence the variation of tropopause sharpness.
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Evolution of aerosol profile and convective instability in the middle atmosphere on Mars

# Hiromu Nakagawa[1]; Naoki Terada[2]; Nao Yoshida[3]; Hitoshi Fujiwara[4]; Kanako Seki[5]
[1] Geophysics, Tohoku Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Geophysics, Tohoku Univ.; [4] Faculty
of Science and Technology, Seikei University; [5] Dept. Earth & Planetary Sci., Science, Univ. Tokyo

It is believed that Mars underwent drastic climate change, changing its environment from warm and wet to cold and dry. This
gives rise to the idea that Mars may have hosted life in the past, and indeed, may do so even today. Atmospheric evolution is tht
an important key to understanding the history of Martian habitability. However, precise estimates of past atmospheric inventorie:
including water, and their loss mechanisms, are difficult to be obtained.

High-altitude (above 60 km) water vapor was first identified by SPICAM occultations onboard MEX (Maltagliati et al., 2011,
2013; Fedorova et al., 2018) especially in the southern summer, which happens to be a dusty season (at a solar longitude
240 degree or later). Maltagliati et al. (2013) showed the links between such high-altitude water vapor and aerosols in thei
vertical profiles within a short time scale. This implies the importance of aerosols for key processes in the Martian water cycle
and climate as a whole. Importantly, the new pathway of water loss proposed by recent studies implies higher loss to space, |
addition to the diffuse-limited escape of H2 (Catling and Kasting, 2017).

One possible scenario for upward transport from the lower atmosphere is the enhanced diffusion caused by gravity wave
(GWs) of lower atmospheric origin. GWs have significantly effects on large scale winds, thermal balance, and density in the
upper atmosphere (e.g., Medvedev et al., 2011, Medvedev et al., 2016). Recent MAVEN data reveal that the atmospheric wav
exist ubiquitously in the upper atmosphere (Bougher et al., 2015; England et al., 2017; Terada et al., 2017). The averag
amplitude of GWs in the Martian upper thermosphere is 10 % on the dayside and 20 % on the nightside, which is about 2 and 1
times larger than those on Venus and the low-latitude region of Earth. IUVS occultations onboard MAVEN suggest that observec
wavelike perturbations likely represent propagating GWs of tropospheric origin (Nakagawa et al., under revision). Answering
guestions about the upper atmospheric sources of these waves and their possible links with those in the troposphere is a key to
understanding the efficient upward transport process from below.

The study presented here demonstrated for the first time the evolution of aerosol profile and convective instability resulting
from superposition of various atmospheric waves during a martian year. More than hundreds-profiles obtained by IUVS stella
occultations with UV channel onboard MAVEN are retrieved, which covers the Mars Year (MY) 33-34 during March 2015 and
October 2017. All profiles used in this study correspond to Level 2, version 06,07,12, revision 01 data provided by the Planetar
Data System (PDS). The measured profiles exhibit drastic temporal variations and a greater variety of shapes, with the presence
detached layers. The aerosols were lofted higher into the middle atmosphere in the southern summer, whereas less aerosols in
southern winter. The higher detached layer above the persistent near-surface haze were identified in the southern summer. Th
results are consistent with previous studies (Montmessin et al., 2006; Maltagliati et al., 2013; Maattanen et al., 2013). Our result
can also suggest correlated behavior between aerosols and convective instabilities layers. This highlights the role of the vertic
mixing enhanced by the atmospheric waves in addition to the global circulation and the seasonal inflation/contraction. Related t
changes in the homopause height, a fast vertical mixing at low pressure (high) altitude could be occurred in the southern summe
This potentially creates aerosol upsurges and influences the large scale vertical evolution. In this paper, the external penetratit
from above is also discussed as the potent source to generate the detached aerosol layers at 80-110 km altitudes.
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Downward transport of stratospheric aerosols associated with equatorial Kelvin waves
observed by the equatorial lidar

# Makoto Abo[1]; Yasukuni Shibata[1]; Chikao Nagasawa[1]
[1] System Design, Tokyo Metropolitan Univ.

The transport of substance between stratosphere and troposphere in the equatorial region makes an impact to the global clim
change, but it has a lot of unknown behaviors. We have performed the lidar observations for survey of atmospheric structure ¢
troposphere, stratosphere, and mesosphere over Kototabang (0.2S, 100.3E), Indonesia in the equatorial region since 2004. Ke
volcano (7.9S, 112.3E) in the Java island of Indonesia erupted on 13 February 2014. The CALIOP observed that the eruptio
cloud reached 26km above sea level in the tropical stratosphere, but most of the plume remained at 19-20 km over the tropopau:

In June 2014 (4 months after the eruption), aerosol transport from the stratosphere to the troposphere were observed by t
polarization lidar at Kototabang. At the same time, we can clearly see down phase structure of vertical wind velocity observed by
EAR (Equatorial Atmosphere Radar) and temperature profiles observed by radiosonde associated with equatorial Kelvin wave:

We investigate the transport of substance between stratosphere and troposphere in the equatorial region by data which have b
collected by the polarization lidar at Kototabang and the EAR. Using combination of the ground based lidar and the atmospher
radar, we can get valuable evidence of equatorial transport of substance between the troposphere and the lower stratosphere.
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Stratopause Hadley circulation and semiannual oscillation around the tropical
stratopause

# Yoshihiro Tomikawa[1]; V. Lynn Harvey[2]; John A. Knox[3]; Masatomo Fujiwara[4]
[1] NIPR; [2] UBC; [3] U. Georgia; [4] Hokkaido U.

Stratopause Hadley circulation (S-Hadley) is a thermally-driven Hadley-type circulation in the tropical upper stratosphere
and lower mesosphere. Its driver is meridional gradient of ozone heating in the solstitial seasons. It is well known that S-
Hadley is closely related to stratopause semiannual oscillation (SAO) around the tropical stratopause through the absolute angu
momentum transport. Their relationship has been studied in 2D General Circulation Model and using satellite observations
Recently several kinds of meteorological reanalysis data have been available for climate and atmospheric science studies. In tl
study, we investigate the relationship between S-Hadley and SAO using the latest reanalysis datasets. This study is perform
as a part of the SPARC Reanalysis Intercomparison Project (S-RIP), which is a coordinated activity to compare all reanalysi
datasets.
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Real-time ionosphere 3-D tomography and its validation by MU radar incoherent scatter
measurements

# Susumu Saito[1]; Mamoru Yamamoto[2]; Akinori Saito[3]
[1] ENRI, MPAT; [2] RISH, Kyoto Univ.; [3] Dept. of Geophysics, Kyoto Univ.

Real-time ionospheric 3-D tomography with GEONET real-time data has been operated since March 2016. 3-D ionospherit
density profiles over Japan are reconstructed every 15 minutes with about 6 minutes delay [Saito et al., NAVIGATION, 2017].

The reconstructed ionospheric density profiles are shown to be generally in agreement with the foF2 measured ionosonde
The 3-D tomography has also been compared with the electron density profiles measured by the MU radar (34.85N, 136.11E
incoherent scatter (IS) measurements on a few days to show good agreements in their heights and shapes around the F reg
peak. However, it has also been shown that the foF2 values estimated by the 3-D tomography are not always in good agreeme
with those observed by ionosondes.

To evaluate the performance of the 3-D tomography in terms of the F region peak height and shapes of the electron densit
profile, further comparison with the MU radar IS observations were conducted. MU radar IS observation data from 35 days from
May 2016 to September 2017 are used. Trend in the agreements in the F region peak height and shapes of profiles in differe
seasons will be discussed. Based on the comparison, the way forward to improve the ionosphere 3-D tomography will also b
discussed.
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Daily and seasonal variation of the equatorial anomaly in Asia, satellite-ground beacon
experiment

# Yuki Sakamoto[1]; Mamoru Yamamoto[1]; Kornyanat Hozumi[2]
[1] RISH, Kyoto Univ.; [2] NICT

Studies of ionospheric structures by the satellite-ground beacon experiment were conducted in southeast Asia. We ha
deployed a meridional chain of five beacon receivers from 8S to 27N along 100E meridian, they showed meridional distribution
of total-electron content (TEC) of the ionosphere, and we revealed time and spatial variabilities of the equatorial anomaly in
a certain period time (Watthanasangmechai et al., 2014, 2015). The data analysis was, however, not easy mainly because
difficulty in estimating bias of the measurement to get the absolute TEC.

In this study, we developed the method of bias estimation. As a result, we can get TEC distribution by computers automatically
Using this method, we analyzed latitude distribution of TEC from Thai to Indonesia in 2012-2015. It is valuable to measure such
latitudinal distribution of TEC in the wide latitudinal range from the ground fixed sites.

Using these data, we classified TEC distribution with the equatorial anomaly. It shows some distribution patterns depends o
season or time. Classifying the TEC distribution data of LT14-17 and LT20-23, assuming after the formation of the equatorial
anomaly (EIA), we take the average in 2012-2015. The plasma fountain makes the 2 peaks (northern and southern of the magne
equator) in the TEC-Lat graph. In the northern hemisphere summer, the northern peak is larger than the southern one. In winte
the southern peak is larger than the northern one. Classifying the data of LT10-13, assuming the right after formation of the EIA
It shows the opposite result. In summer, the southern one is larger. In winter, the northern one is larger. We will compare thes
analysis results with atmospheric parameters from the whole atmosphere model GAIA.

RLEwE7 Y7L E LR EC—a VBN X > T, BB OMIEICET %2 ITh-> TE . Mg
8 FE-JbheE 27 &, A 100 INWICEBTBREE 2/ L, — & A OEEEE 2E FE (TEC) DMz S MC L, 20124 3
HOFRE R ORI - ZEHGEZ RS T SIS LTV % (Watthanasangmechai et al., 2014, 201%) A L&A 5, TEC
EZ21G2 12D OINA T ZMEOHEE DN T, RIS D T E S 12 KBEDOT— XTI RS Tldkh - 1.

AWZETIE, £9 TECEZRIRINCET T 2 721N A 7 AHEIEDOFEZ{T/x>7z. ChUcXbaya—&R7=z[H
WTC TECHEHOHENEHIZR[BEE LTz, ThiC K > T 2012-2015FEDMIC DWW T Z AW H A Y R 7 F22D TEC
DFEFE AT DR 72175 T2

C OFEFUEHE O EE E NTBHE D B IAWRERIPHO TECHO T —2 & L THHMENH B &2 3. TOTF—X
EHWTHREREICE TS TECOMDONERITR->T1: £ T A, R THMIZ— BN T Ehbh -t 7k
ERELZEBO AN EREE U LT14-17TH E HIRB TH % LT20-23K50D T — R DWW T EEZITYY, 2012-2015FE0H
MCHEE STz, TIART 7 VT K> THSREDRILIC 2 D0 TECEOE—I BRSNS D, JLFEKDE
FTIFRAFEORME O &AL TECHEA K E L, ZFTIEFEAIO TECHMKE W WS HERHES NI, SREET
JERKE %2 E Uz LT10-13FACR L C B RO R T o T2, I EDORFZITOE BN ORI, EF T
PR E L, KB TIRIAMPKRENEVIFERICK ST, TNHDRESRKDY I 2L —2 a3 THB GAIA »
SDOTF—REEET B T LIC K DS RHSOELETS.
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# 1A 1l [1]; Mk HERSE [2]
[1] 5K - A7 [2] RECTRER - T

Development of GNU Radio Beacon Receiver 2 (GRBR?2)

# Mamoru Yamamoto[1]; Mayumi Matsunaga[2]
[1] RISH, Kyoto Univ.; [2] Tokyo Univ. of Tech.

GNU Radio Beacon Receiver (GRBR) is the very successful digital receiver developed for dual-band (150/400MHz) beacor
experiment. We were successfully conducted observations of total-electron content (TEC) of the ionosphere over Japan and
southeast Asia. However, many beacon satellites is now aging, and its number is decreasing. We now have a project to ste
new satellite-ground beacon experiment with new satellite constellations. One of them is TBEx (Tandem Beacon Explorer),
project by SRI International, to fly a constellation of two 3U cubesats with triband beacon transmitters. Another one is a project
of FORMOSAT-7/COSMIC-2 by Taiwan/USA. Well-known mission of COSMIC-2 is GNSS occultation experiment, but the
satellites carry triband beacon transmitters. All of these satellites will be placed into low-inclination orbits by the same launch
vehicle in 2018, which will give us great opportunities to enhance studies of the low-latitude ionosphere. In this presentation we
report a new digital receiver, GRBR2, for these new satellite beacon. GRBR2 is a four channel receiver at 150/400/965/1067MH
beacon signals from two satellite constellations. The reveiver system was finally fixed, and we now conduct receive tests. GRBR
will be soon deployed for the real experiment.

GNU Radio Beacon ReceiveflGRBR) &7 2 7 )L/3 K (150/400MH2 Y — IV EEAICHFE S NIZIEFICEh Lz
TIZIWZEKTH D, OARBIUEHM T V7 ICBWT, EHEEE 8 (TEC DOBIINCERINI L TE/z, LAMLELD
C—aVHBREEMELTETED, ZOEEBPLTWVS, FLld, HiL{TB LIPS NS EERZH W LW
=i Fe—aYERziad K5 & LTW5, 560 1D1d, SRIInternationalc X% TBEx (Tandem Beacon Explorer
THO., 3UY A XD cubesate BN TEINT V5, &9V ELDOEHHIZ, HELKEIC K D FORMOSAT-7/COSMIC-2
DIMY 7 b THb, 6HMHEKTHEKI NS COSMIC-205 10D 3 v g ik GNSSEOHHEBINTH 20, AR
V— O VA EREBER LTV, Y EOBRIZTRT, 2018FENIC 1HEOFT By v M & > TREUEER A OfE
ICRE S N5, BAIGBIE. S b iTnn LTl RIChlff S b B —a 232158 GNU Radio Beacon Receiver 2 (GRBR2)
EHFEL, ZETANEHEMEL TV, GRBR2IZ, JEHEA 150/400/965/1067TMHD 43> RDESZFAIAL TZIET
x5, RRELTIE. GRBR2DEAKINIZHEZMEAK & 7 A MRS DOWTHIET %,
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Analysis of Spatial Construction of Sporadic-E by Using the Abnormally Propagation of
VHF for the Aircraft Navigation System

# Kotaku Kimura[1]; Keisuke Hosokawa[1]; Jun Sakai[1]; Susumu Saito[2]; Ichiro Tomizawa[3]; Takuya Tsugawa[4]; Michi
Nishioka[4]; Mamoru Ishii[4]
[1] UEC; [2] ENRI, MPAT; [3] SSRE, Univ. Electro-Comm.; [4] NICT

Sporadic-E (Es) is one of the outstanding phenomena in the mid-latitude ionosphere, during which the electron density in th
bottom of E region extremely increases often greater than that in the F region. Generally, VHF radio waves, whose frequenc
is greater than 100 MHz, penetrate all the way through the ionosphere, but they are sometimes reflected by Es when they ent
the ionosphere obliquely. The aircraft navigation system uses such VHF radios (&gt; 100 MHz) for communications within the
range of direct propagation. However, when Es appears, the radio waves propagate abnormally for a long distance through tl
reflection by Es, and then an interference between the desired and abnormal waves may take place.

We have been observing VHF radio waves in the air-band frequency range in Chofu, Tokyo and Kure, Hiroshima since 2014
In this study, we used the data from Chofu in 3 years from 2014 to 2016 and from Kure in 2 years from 2014 to 2015. In addition,
we attempted to detect electron density irregularities in Es by using ROTI (Rate of TEC index) routinely derived from GPS-TEC
database at NICT. We mapped these two data onto the geographic coordinate system and compared the spatial distribution of
in ROTI with the occurrence of abnormal propagation of air-band VHF waves.

As a result of the mapping, we extracted a number of examples where the spatial distribution of Es in ROTI coincides well with
the distribution of the reflection points of the abnormal propagation. This indicates that 2D mapping of E region irregularities
by using ROTI can be used for visualizing the spatial distribution Es. At the same time, it was confirmed that the abnormal
propagation of air-band VHF waves is directly associated with Es. In addition, we found that the mapping of the reflection points
of the waves enables us to monitor the spatial distribution of Es even outside the coverage of GPS-TEC observations of GEONE'
In the presentation, we will introduce a few examples of simultaneous mapping of Es by using ROTI and air-band waves, anc
then discuss the possibility of monitoring the spatial construction of Es in a wide area by combining the air-band VHF waves
with ROTI.

TEHEPE E fEIK O RERIC W T, BFEED FHElEHZ 22 EHMAT 25D 5, CNEARSTT v 7 EE (Es)
EWVH, Esld, BERICERLUTRET S &0 FHINRHI E . JRATINCHREAET % &0 5 BRI Z R D, Es DFEAE A
A= ALNEHHERED S 7 RKGAE PR LTS EEZ SN T W5, @ 100 MHz Z 2 % JEIE0D VHF
BT EEHEE CIEAET 200, EsHRET S & EFIEOE FHEN FHIEKK D & 5<% 570Ic, RDICiE < A LIER
R E NEEER AT 2 0 feEDH %, M2z T, VHE B EE 2 EET S WS HEZEFH LR
WUHEIHANOMEEZTT> TWd, LML EshRELREA. Rl LHEHANICORE S FT8ikicn LT, Esick b Eif
B U 72U e U, Mz iua S IR EN AT 2 eEh b 5,

FLiZ, BROBERFRMG T v R R & HilE EREKERD 2 [EFTT, BEAI U 2fizeiitf VHF 473 (VOR,
ILS) DB EIT> T&ETzy ZIEEBICH LI N RT 0 )V EE#EHT ST LT, HENDESE Y v LT, VHF B
iE#E W TESZHEET 2, HOICHULARY RS LT FSAPERCT, 2ZER. B B R HEE 10 8).
ZERPEL ZEESWMERZE U, BT —XN—=2IHER L TV 5, AFIZETIE. TNETORERID 555N 2014
DS 2016FEDFA OB T— 2, 20144EH 5 2015FE D EOBI T — X 72, HiZefiiEH VHF 738 O S5 5
DTNz, Fiz, IHHBEBE (NICT) IKBWTHEEB SN WS, EitE 4 75 TEC (Total Electron Content
5 5[ T OFEHE(R 72 7 B - 72 36 T2 S EELIE S ROTI (Rate of TEC index¥ [l % C & T, EsOWNERICIFET %
O NAHANEE 2T %, TS - DDOT—XEfLZ DHEH L IHIF S FIcER T v Y795 & T, Es
DZERINEIE & EsIC X B HZEMiiE A VHF 47 O B RO BE IS OW T 21715 T2,

Xy EVTORER, ROTHIH SN S EsDZEMNGE & . BRI RIS RO HH—HT 2 FHINZEHE SN
2o TOTEMNS, ROTIZFAWT ESONRAREE ZMH T 5 2 & T, EsOZERDHZ/RT T ENA[EEIE LWV S T &
RENT, Fie, ERBIINC X > THESNIHZeiEH VHE HERO R, Eslick> ThlER T ENEEDT
HBHTEEMRTHIEETE, MAT, Xy EVTENHHEKGEOS 4N S, ROTI OERMEIFHM A L Es
DZER i TG BT N TER, BRETIE., Y EVITETS1E0 L DODDFHNTDWTHN L. VHF HififiZefiii
i & ROTI ZHA B DR Tz EsDILEZERIFGEE =2 VU 7 ORJREMHIC DWW THERT b,
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Installation of a VHF radar and multi-GNSS receivers at the magnetic equators to
investigate ionospheric effects on GNSS

# Takuya Tsugawa[1]; Kornyanat Hozumi[2]; Punyawi Jamjareegulgarn[3]; Pornchai Supnithi[4]; Susumu Saito[5]; Yuichi
Otsukal6]; Shinichi Hama[7]; Takahiro Naoi[1]; Mamoru Ishii[1]
[1] NICT; [2] NICT; [3] KMITL; [4] KMITL; [5] ENRI, MPAT; [6] ISEE, Nagoya Univ.; [7] NICT

NICT has observed ionosphere using lonosondes and GNSS receiver networks in Japan and Southeast Asia for the nowcast ¢
forecast of the ionospheric condition. Current condition and prediction level of major ionospheric phenomena such as ionospheri
storm observed in Japan are mainly defined based on statistical observation results and proviced to general users. In recent ye;
inquiries about the ionospheric variations from GNSS users increased due to the progress of high precision GNSS positionin
utilization. NICT have started a new research project to validate the ionospheric effect of precise positioning technique using
GNSS including quasi-zenith satellite (QZSS) since 2017. In this project, we will investigate ionospheric effects on individual
positioning techniques (single frequency, DGPS, and RTK-PPP) and consider methods to mitigate and/or prevent the positionin
errors under sever ionospheric conditions. To expand TEC observation area and spatial resolution, we have tried to use muls
GNSS data including GPS and QZSS for routine data collection and processing. In the Southeast Asia, it is important to identify
which satellite-receiver path suffers from plasma bubble structures for verifying the ionospheric effects on GNSS positioning.
we have a plan to install VHF radar at Chumphon (Thailand) and multi-GNSS receivers at Chumphon, Bac Lieu (Vietnam), and
Cebu (Phillipines) at the magnetic equator. In this presentation, we will show the project outline and report the current status.

Iai&u:.ﬁﬂﬁ#% (NICT) Tlid. HABXIURET V7B B A4H VTR GNSSZERHE % FIH U 7= Bl
BN X o, BEEEOBLIKIEE N O FRICEET 2R 21175 T\ %, HATEINE N 5 Bk E 7% & 4 Bx w ik s
%®ﬁﬁ&0%ﬂbﬂhﬁ\Imhﬁ%&ﬁﬂﬁﬁkﬂswfiaéh — R = — [ I A LTV B, AR,
kSR GNSSHIN ORI AN HEF . FBEERE D GNSSHINIANDFEEITDWT, K D E RN HHM T & 2 5RO 37K
@f_&fw)ﬁﬁcdﬁ‘a‘%ﬂ—xb\ FoTW3, ZT T, NICT Tld 20174 H 5 UK [EM (QZSS> &L GNSSEH
Wz SR FE LA O B BN R 2 MGET 5 720 DF L WIIZe Ty = 7 bRl Uiz, A7 Yz 7 ME. GNSS7Z
iFIJH% U Tebb 2 7t il GE—J&%E. DGPS RTK-PPPZ) 19 % EHtE OB M L, EHtEEIh» K E

M R ORI R RI « BilkT 2 7 EMa T 5 E2HNELTWS, A0V 7 Tld. QZSSE &L~V
%GNSST~§<%%UH5JL INETGPST—ZDHEFIH L TOI=RE T (TEC) B OBEIHIREL N U225 fithe 7z
KT %, Fio, Hm 7 P 7HICB 2 BEBEBII T, T T A7) X% GNSSHINIAND B2 fGEd % 72
. T AINTINEE R IEHECHEIR A RE R VHF L — R — RS REISEN R A « F 2 VR VICRET 2 atEEED T
u\%o Fiz. GNSSY U FL—2a VEBMTES GNSSEREWEZA « FarRy, RhFL N7 UT, T4 E

« b T OWEFRERICRIET 2 TETH S, AREKTIE, AV Y7 FOEZ/RL, HEORRERET %,
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Electromagnetic interaction between currents flowing in the ionospheric and ocean - Dp
field -

# Masahiko Takeda[1]
[1] Data Analysis Center for Geomagnetism and Space Magnetism, Kyoto Univ.

Electric currents flowing in the ionosphere and land-ocean shell driven by the external currents were estimated for the period c
1 and 10 min. variation. Electromagnetic self and mutual induction effects were included by using spherical harmonics expansiol
of equivalent currents in the shells. It was shown that induction effect delays the ionospheric current system by more than 3l
about 5 degrees for 1 and 10 min, period, respectively, and ionospheric current is affected by the land-ocean shell even for 1
min. period.

it S L3RS ES 2L C A ERZIM L. HoHEMMESREEL O R 2 G0 &Rz a4 5 I1cid. BKEE
BERMZ @ CTZENDMED I G2 T E 5 EREKZHC2D0ARTHZH ., Dp D& EREER
RIFBHEEND SBRDVUEH I NS - OBHEERRIEM CTIIER T RVO TERMEMTRIAT S LIdTER
Vo UL LAEDS COEHRICE WA L2 RIS 2 ME RSz VW5 Z LIZA[EETH D (Takeda, M. (2008), JGR,
doi:10.1029/2007JA012662)

SRNE. COFEZERED 2R 288 & Rk K9 28K EBRD) 575 5 238 1EABRE TV 2 L. &
BRI D SINHE TR TR MILAG & N 255 OB HEE-ErEVE RS & 2 558 L I A ORFZ L 5 EifiRZ 1 & U 10
SR, B UTICOWTIANz, ZOFRE, INOFIHTE UT 21kid DstiFIc kRN TAREL ARB T b, A1 TRHE
CLAAEISORNE CHFATE IS LRI EMFE RGN 30 L BN S & & BICHESHOFBEICK D UTIckbh
EOZET BT L, B 107 TE S EREOMHENNETC S EMbh o T,
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Response of the upper atmosphere to doubling CO2 with GAIA model

# Yusuke Nakamoto[1]; Huixin Liu[2]; Yasunobu Miyoshi[3]; Chihiro Tao[4]
[1] Dept. Earth Planet. Sci, Kyushu Univ.; [2] None; [3] Dept. Earth & Planetary Sci, Kyushu Univ.; [4] NICT

Many observations and models show that increasing @0uld result in temperature decreases in thermosphere. Better
understanding of this global cooling in thermosphere will benefit long-term satellite orbit prediction. The purpose of this study is
to evaluate the effect of increasing €an thermospheric temperature and circulation. Using the GAIA model, two experimental
simulations are performed. The first is for the year 1997 with observed\v@ies, and the second is with douled TQVe
examine the difference between these two simulation results by subtracting values of the first run from the second run (doubl
CO? - base CO). Results indicate that the strong cooling peak (*-60K) in upper thermosphere occur between S45-N45 in equinox
and this peak moves to summer hemisphere in solstice. Background meridional circulation with dotilEet@hger than one
with base CO by “10m/s. For better understanding of those change, contribution of heating/cooling processes in thermosphere
such as solar radiation, infrared radiation and heat conduction, is examined. We found notable change of solar heating (200K/da
that affects cooling peak moving in solstice mainly. Combined with changes in the meridional circulation, these changes produce
the thermosphere cooling. Furthermore, tidal changes are also examined, which reveals significant increase in amplitude of DW
but decreases in SW2, and slight increases in DE3 above 150 km altitude.

A, Z2 < OBIIRET V2 FWT CO? INIC X2 2B ORI IAMZE SN TE D, 20 1#=mfk) 2T 5T
X E R N T EHE TR R B DR %, AWIZEO HIIZIEEZ 2 f51C Uiz CO? DR OIRIE L EERIC 5 2
BB MOMET YR HICHRETEC L TH D, CODRERHLT-DIC GAIA ETFIIVERWV, 2DDYIa
L— 3 UEfT5T, 1 DHIE 1997 DN E DWW CO? Dz HWE DT, 2DHIEZDCOR 25 Lzd
DTH %, BEDOHTEZGIK T ETEERD CO? 2HEDOWERHE LIz, (CO? 25— CO* HHE) DI EDORIH 5,
EEREAEITIX, 3 H & 9 AICIE R 45 B B bR 45 FE ORISRV ESE (~-60K) DEEZESN. 6 A& 12 Al
ZOMEBNE BRI T % & 5 AFHAB AR SN, £z, FHEMERIE CO? 250 L ENFEAED COP DL E X
D 10m/siZ iR R BAERMEEL NIz, TNEDOEZE K D ERT S 7dic, KEGHE. TRV & BVmE O EE
DRUNFICDOWTIRNT ZIT o 120 ZTOFER, CO? 259 % & KFFREHTE LA L (~200K/day RSN, ZThb L
TRz ZS L DTSR L TV iz, Fz, BUCZOZB(L EIFRDZE(ENNT VAT % T & TREDOFER{ED
EEZIEO LT\ e, AT, REEW O Z1TS < & T, DWLIRIEOZE LD, SW2D5d & 150kmLL Eo
DE3 D LGN N R S iz,
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Case study of localized heavy rainfall observed by Phased Array Weather Radar and da
base arrangement for future utilization

# Fusako Isoda[l]; Shinsuke Satoh[1]; Tomoo Ushio[2]; Yasuhiro Murayama[3]
[1] NICT; [2] Tokyo Metropolitan Univ.; [3] NICT

The Phased Array Weather Radar (PAWR), which was installed at Osaka University Suita Campus in 2012, is a rainfall
observation radar that can scan for 30 seconds (10 seconds for detailed observation) at a radius of 60km (30 km in detaile
observation). On the radar until then, the volume scan (to scan the three-dimensional structure of sky), it was taking a tim
of about 5 minutes by changing the elevation angle of the parabolic antenna is rotated many times (e.g., Ishihara, 2012, Rad
echo population of thunderstorms generated on the 2008 Zoshigaya-rainstorm day and nowcasting of thunderstorm-induced loc
hevy rainfall-Part 1, Tenki 59, Kim et al., 2012, X-band dual-polarization radar observation of Precipitation core development
and structure in a multi-cellular storm over Zoshigaya, Japan, on August 5, 2008, J. Meteor . Soc. Japan), The PAWR is capab
of high-speed observation every 30 seconds by using the technology of Digital Beam Forming, it is suitable for the detailed
observation of the development of localized heavy rainfall that develop in a short time (Yoshikawa et al., 2013, MMSE Beam
forming on fast-scanning phased array weather radar, IEEE Trans. Geosci. Remote Sens., Ushio et al., 2015, Review of rece
progress in lighting and thunderstorm detection techniques in Asia, Atmos. Res.). In this study, we analyze four cases of localize
heavy rainfall by isolated cumulonimbus, which was observed on July 26, 2012. As a result, a basic investigation is required tc
examine the requirements for long-term database maintenance for the future rainfall research. | hope that | can contribute to tt
planning for the database development which is easy to use.

In the localized heavy rainfall observed in this study, it was found to bring a weak rainfall on the ground after 3-5 minutes from
the first echo called a baby cell of torrential rains which appears in the altitude about 4-6 km, and to cause strong torrential rain
on the ground after 10-15 minutes. It takes 40 to 70 minutes to converge the rainfall. In the case of torrential rains that take 7
minutes, the alternation of the precipitation core (especially the strong precipitation area) has taken place, and the precipitatic
duration of the entire system was elongated by the growth of precipitation core again after entering the dissipation phase.

As for the first echo mentioned earlier, a complex movement was observed, unlike the conceptual model (for example, fig. 1(
of Kim et al., 2012), which describes a local heavy rainfall in a single core. In the conceptual model, it was thought that the
precipitation would develop at the altitude of first echo, but in the PAWR observation, first echo lowered the altitude once in the
first few minutes, and the appearance that the precipitation system developed upward rapidly.

From the results of the analysis of past events, it is expected to obtain useful knowledge about the PAWR observation dat
of the high time spatial resolution in future observation database management. For example, we think that there are son
issues to consider about various aspects such as bibliographic information (annotation, metadata and identifiers), environmen
information (background field of atmosphere, event extraction, event classification, etc.) We will discuss the data managemer
and the improvement of the research process as expected in the new scientific research paradigm, such as open science
research data sharing. In addition, we would like to aim to contribute to the improvement of convenience and the applicability
of the future data use in a timely as well as long lasting manner considering the direction of development of research such a
meteorology and radar observation methods, and disaster prevention and mitigation apprication.

20124 IC KBRS T v 2 /RAICREENT T 2 — A RT7 LA %5 L—4— (PAWR) &, 30% GHEHlBillo L =
X 107) THAE 60km GEHIEINIO & 2% 30km) DRV 2 —LAF v BT ZREBINL —X—TH%, TNETD
L—&—Tl&, RV a—LAFy Y (LZEOVMHMGEZ AF v > 2) K&, 3T KRT T 27 F O 220 & & Tl
LR E T 5 pFREOR MDD > TWiehy (BIAIE. £l 2012 [20084FHERID AR Y HIC 1) 5 BELER D
RZ O & BT RN OERTFH . K& 59, Kim etal., 2012, X-band dual-polarization radar observation of precipitation
core development and structure in a multi-cellular storm over Zoshigaya, Japan, on August 5, 2008, J. Meteor. Soc. Japan
PAWR TIZ TV ZNE— LT+ —I 7 0D Eiliz T 30 T & OEB@EBIIMNREL 2 D, FIF CTHIET 5 R
PR DR R ZERINCEIIIS 2 DI LT\ % (Yoshikawa et al., 2013, MMSE beam forming on fast-scanning phased array
weather radar, IEEE Trans. Geosci. Remote Sens., Ushio et al., 2015, Review of recent progress in lighting and thunderstor
detection techniques in Asia, Atmos. Res AffI72 Tl&, 20124 7 A 26 HICBII & NN FEELEIC X % R KR O 4
DO —AZHHE UTRIT L. ZOREND . SHDOBENMID IO R T — 2 N— X DE(HIT KRS 5N 5 lff
MET DTz DDEMEREZITV S FIH LR T VT —XN=2BfANAF 72T TV =V JICHTENUR EREL TV 5,
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Relation between Typhoon Intensity and Lightning Activity Measured by the Asian
Lightning Detection Network

# Mitsuteru SATO[1]; Yukihiro Takahashi[2]; Kozo Yamashita[3]; Hisayuki Kubota[4]; Jun-ichi Hamada[5]; Joel Marciano[6]
[1] Hokkaido Univ.; [2] Cosmosciences, Hokkaido Univ.; [3] Engineering, Ashikaga Univ.; [4] Faculty of Science, Hokkaido
Univ.; [5] Geography, Tokyo Metropolitan Univ.; [6] ASTI, DOST

Lightning activity is a good proxy to represent the thunderstorm activity and the precipitation and updraft intensities. Recent
studies suggest that the monitoring of the lightning activities enables us to easily predict the maximum wind speed and minimun
sea-level pressure of the tropical cyclone by one or two days before, though the prediction error of those typhoon intensities b
the recent meteorological model becomes worse for the past 30 years. Many countries in the western Pacific region suffer frol
the attack of tropical cyclone (typhoon) and have a strong demand to predict the intensity development of typhoons. Thus, wi
have developed a new automatic lightning observation system (V-POTEKA) and installed this system in the Philippines, Guarn
and Palau since September 2017. V-POTEKA consists of a VLF sensor detecting lightning-excited electromagnetic waves in th
frequency range of 1-5 kHz, an automatic data-processing unit, solar panels, and batteries. Lightning-excited VLF pulse signal
detected by the VLF sensor are automatically analyzed at the data-processing unit, and the extracted information, such as t
trigger time and pulse amplitude, is transmitted to a data server via the commercial 3G communications. We are now developin
the lightning geolocation software using the time-of-arrival (TOA) technique. We have compared the relation between the
lightning activities measured by the V-POTEKA network and the intensity variation of the typhoon occurred in 2017 and 2018.
We confirmed that the time variation of the detected lightning event number and maximum wind speed are highly correlated an
that the rapid increase of the lightning event number occurred just before the rapid intensification of the typhoon intensity.

FRE RO FRAGFRICHEVIE LB ENTEC S, EEEHE, BKE, HEMRMET S URBW IR
LD I B LIEHEINTVS, HTEYETEARD 1DTHAHMCEL T, RFOLKRETNEZE->TLTHLEHEED
TR ELA B L TWSDICRL, SENETHAET 2 EREFREMEZEHIT % & B R0 R~
1-2 HEMCFHITE S LV RITIIRE RENT WS, TITETIE, BRAEDVETRRIIKXDKENBEDEL S
WKHELTWRICE 5T, SSRBIHRESEACEBNMEIE I N THERY, HED 5 KRAAND I )V F—
WAL BRFSEEFICB OV TEENEELREEZRIZLTVWEEEZLONS T LMD, OB TOHEMETRHOY 7
WA LERARRIZREERET 2 K LR TWVW5, ZDOIEALIE, Biiz/xElERNT X7 L (V-POTEKA) 7z
L, 2007E9ANS T2 VY, T L, INTAICEHE Lz, TOBMIY X7 L&, FBICERYS VLF FrENZEe8,
T—ZEEE . KGE AL, EEM TSNS, EREENEEZZET % & BENICEERTTNM TN T, E
D ARG ED 7T F A F 7 —& & LT 3G EHRIIR TT — 2 Y —NIBE I NS AL > TWVD, TNET
V-POTEKA I37Z2E L TEHEL TH D, BIfEld, B5NTz7—Zh SRREFEZEE (TOA) 2 WV CERMEFAENLIE 2 #EE
T35V T T T ORFEZIT> TS, V-POTEKA DT —ZZfi#fit L, 201749 AH 5 20184E I THRAE LTzH A
CEIEHOBBREZ TN, ZOME, HEERER L BROBEFGZICITHmOHEBEN RSN, X5, 5REsERED
FAET B EANCHEAERERD 2URICHINT 2 IMEE MR I NIz, fBHTIE, N5 O TS5 N7z gHAkE RIc OV
THLMHNT %,
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Oscillations of atmospheric electric field during snowfall in the Kanto region, Japan,
using 95-GHz cloud radar FALCON-I

# Hiroyo Ohya[1]; Kota Nakamori[2]; Masashi Kamogawa[3]; Tomoyuki Suzuki[4]; Toshiaki Takano[5]; Kazuomi
Morotomi[6]; Hiroyuki Nakata[7]; Kazuo Shiokawa[8]
[1] Engineering, Chiba Univ.; [2] Electrical and Electronic, Chiba Univ.; [3] Dept. of Phys., Tokyo Gakugei Univ.; [4]
Education, Gakugei Univ.; [5] Chiba Univ.; [6] Japan Radio Co. Ltd.; [7] Grad. School of Eng., Chiba Univ.; [8] ISEE, Nagoya
Univ.

It is known that cloud-to-ground lightning and precipitations generated from thunderclouds are a generator of global electric
circuit (e.g., Williams, 2009). In the fair weather, the atmospheric electric field at the ground is generally 100 V/m and downward
(positive). The atmospheric electric field varies during not only lightning/thunderstorms, but also snowfall/blizzard (Minamoto
and Kadokura, 2011). In particular, variations in the atmospheric electric field during powder snow in Antarctica have been
studied. However, variations in the atmospheric electric field during wet snow in the Kanto area, Japan, have not been reveale
yet. In this study, we investigate the variations in the atmospheric electric field during snowfall of 23-24 November, 2016, using
a field mill, the 95 GHz cloud radar, FALCON (FMCW Radar for Cloud Observations)-I, and X-band radar (9.4 GHz). We
have observed the atmospheric electric field with a Boltek field mill, and cloud reflectivity and the Doppler velocity with the
FALCON-I in Chiba University, Japan, (CHB, 35.63N, 140.10E). At 16.2 km southeast from the CHB, a phased array X-band
radar operated by Japan Radio Corporation have observed precipitations/cloud. During snowfall of 23-24 November, 201€
periodic oscillations in the atmospheric electric field with periods of 70-90 minutes were observed at four observation sites;
CHB, Kakioka (KAK, 36.23N, 140.19E), Tokyo Gakugei University (KGN, Kokubuniji, Tokyo, 35.71N, 139.49E), and Seikei
High School (MSN, Musashino, Tokyo, 35.72N, 139.57E). The distances of CHB-KAK, CHB-TGU, and CHB-SHS are 64.8
km, 55.9 km, and 49.0 km, respectively. This is the first observations of similar oscillations in the atmospheric electric field
at four observation sites located at a long distance of 50-65 km. At the end of snowfall, the periods of the oscillations became
shorter to be 20-50 minutes at all sites. Based on the FALCON-I and X-band radar observations, we found that the reflectivitie:
of the snow cloud have the same period of 70 minutes at CHB at 2 km heights during the snowfall. In the presentation, we will
discuss the cause of the long oscillations in the atmospheric electric field.
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Comparison of gravity wave characteristics in the mesosphere over Syowa and Davis,
the Antarctic, using OH airglow imagers

# Masaru Kogure[1]; Takuji Nakamura[2]; Yoshihiro Tomikawa[2]; Mitsumu K. Ejiri[2]; Takanori Nishiyama[2]; Masaki
Tsutsumi[2]; Taylor Michael J.[3]; Zhao Yucheng[3]; P.-Dominique Pautet[4]; Murphy Damian[5]
[1] Polar Science, SOKENDAI; [2] NIPR; [3] USU; [4] Utah State University; [5] AAD

Gravity waves transport momentum and energy from the lower atmosphere to the upper atmosphere, and drive the gener
circulation, which significantly change the temperature in the middle atmosphere [Fritts and Alexander, 2003]. To understanc
this role quantitatively will improve the modern general circulation models [Garcia et al., 2017].

The polar night jet region is known to have high gravity wave activity. However, their sources and propagation are only poorly
understood because of the lack of observations. To understand those, our group has observed the gravity waves over Syo
(69S, 40E) using various instruments (e.g., lidar, OH imager, and MF radar). We recently compared the gravity waves ovel
Syowa and Davis (69S, 79E), which have similar terrain and meteorological conditions, to show their horizontal variation over
the East Antarctic. We found, from the lidar temperature observations, that vertical profile of gravity wave potential energy is
similar between Syowa and Davis, except for a clear enhancement around 30-40 km over Davis [Kogure et al., 2017]. Horizonte
propagation characteristics are more clearly observed by airglow imaging measurements of 90 km altitude. The compariso
of four imagers’ results between April-May 2013 have indicated that the major propagation directions were westward at three
stations (Syowa, McMurdo, Halley), but at Davis GWs seems to propagate in all the directions, which is different from the other
three. [Matsuda et al., 2017]. It seems like the GWSs over Davis did not suffer wind filtering in the middle atmosphere.

The goal of this study is to reveal what causes the difference of the mesospheric gravity wave characteristic over Syowa an
Davis. In this study, we will show the ground-based horizontal phase speed spectrum at “87 km altitude over the two station
derived from OH imagers in more details. We analyzed the OH airglow imager data obtained for eight months (from March to
October in 2016) over the two stations with M-transform [Matsuda et al., 2014]. This included only the data without clouds and
aurora contaminations continuously for at least one hour. The numbers of nights with such data sets are 40 at Syowa and -
at Davis. In 2016, clear sky and aurora free data were available at both stations on ten nights. Comparison of phase veloci
spectrum obtained on the same night showed very similar characteristics on only one night out of ten. On five nights, the spectt
were quite different. On the other four nights, the spectral peaks with slow westward phase vel66ityfs) were commonly
observed, but additional spectral peaks were found over Davis and not over Syowa. We investigated, using raytracing metho
where the gravity waves with common spectrum and additional spectrum on one of the four nights (29th Aug.), propagatec
from. This investigation suggested the common waves could propagate from the troposphere right below. On the other han
the additional waves could propagate from the stratosphere over the sea. This presentation will show the results of OH image
observations and of the raytracing results, and we will discuss what causes the difference of the gravity wave characteristic ove
both stations.
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Traveling lonospheric Disturbances excited by upward propagating gravity waves

# Yasunobu Miyoshi[1]; Hidekatsu Jin[2]; Hitoshi Fujiwara[3]; Hiroyuki Shinagawa[2]
[1] Dept. Earth & Planetary Sci, Kyushu Univ.; [2] NICT; [3] Faculty of Science and Technology, Seikei University

It has been recognized that gravity waves (GWSs) play an important role on the variability in the thermosphere/ionosphere
In this study, traveling ionospheric disturbances (TIDs) excited by upward propagating GWs are examined using a whole
atmosphere-ionosphere coupled model (GAIA: horizontal resolution 100km). The GAIA contains the region from the ground
surface to the upper thermosphere, so that we can simulate excitation of GWSs in the lower atmosphere, their upward propagatic
into the thermosphere, and their impact on the ionosphere. We examine effects of solar activity on TIDs. Furthermore, the
relationship between the TIDs and the lower atmospheric variability is also examined.

FIEREECIRO KGR I, BB CIaik LA BB A2 KB 2 MEF L TWA T &Y, EFEOFE
ETIIVRCEINC X BW95 THLMNICR D DDH S, AFETIE. K& EBEEERS T 7V GAIA O EK o fEEeRR (7K
SERRASREERT 100km) 72 VT, BABIE 1A, BEEEATHIC B XTI HEIC OV TN THZ, AW THHT % GAIA
. SRENSBE FRETEGSATVS S, FERKKTOEIJEORE, ZABEANONERIE. BE TORE R ED—
HOWEZHET 2 EHAEETH D, Fio, TERRE BHAKOMEIERERZEA TV S 28, BB E A E
HEABNIC B KT THEICOWVWTEHLMCTZ T EWAEETH B, AWIETIE. NERAERIROBAE E 3 Chkd &
N5 KB IEIEBEEEEEL (LSTID) IZDWT, KEESEENE AR TR EH) & OREMEICER U TR 21715 72,
KBHEBRAFIEIC DOV TIE, FEARGKDIREEZFEI CIC LT, KBS ROAZEZ T ~DDEEZITV, LSTID DFAE
BRI DE NS DWW T 217> T2s FERGZES) & OBHEIC DWW TIX, WEBZLARIERZIZ U L9 5 =B
B ZMHORZE) & LSTID OFEHFEOREIC OWTHEME Y T TR Z1To TETH %,
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Effects of Stratospheric Sudden Warming on Medium-Scale Traveling lonospheric
Disturbances Based on GPS TEC Observations

# Yuichi Otsuka[1]; Atsuki Shinbori[2]; Prayitno Abadi[3]; Takuya Tsugawal[4]; Michi Nishioka[4]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] NICT

In order to investigate effects of Stratosphere sudden warming (SSW) on the ionospheric disturbances, we have analyzed tof
electron content (TEC) data obtained from GPS receivers in the world. We have obtained perturbation component of TEC, whicl
could be caused by MSTID, by subtracting 1-hour running average from the original TEC time series for each pair of satellites
and receivers. Then, we have calculated the standard deviation of the perturbation TEC within 1 hour for each satellite-receive
path every hour. A ratio of the standard deviation to the 1-hour averaged TEC is defined as MSTID activity. In this study, we
investigated the MSTID activity at mid- and high-latitudes before and after a major Stratospheric Sudden Warming (SSW) even
that occurred on January 2009.

In East Asia, the daytime MSTID activity at latitudes higher than approximateli} 3Bostly exceeds 2.0% before January
24, 2009, whereas it is mostly below 2.0% after January 24, 2009. On the other hand, at latitude lower than approxithately 35
the daytime MSTID activity does not show distinct difference before and after January 24 although day-to-day variability of the
MSTID activity exists. The daytime MSTID activity in Europe shows similar tendency, but the transition of the daytime MSTID
activity from high to low values appeared on January 18, 2009. It occurred 6 days earlier than in East Asia. Amplitude of the
decrease in the daytime MSTIDs is larger at latitude lower th&N%®mpared to that at latitudes higher thar§5

The daytime MSTIDs could be caused by gravity waves propagating upward from below into the thermosphere. Recent
simulations suggest that these gravity waves are secondary waves generated from dissipation of the primary waves in the ML
region. Miyoshi et al. (2015) have reported that the generation of secondary GWSs is more active when the strato-mesospher
jet is strong, and that the generation of secondary waves is inactive when the strato-mesospheric jet is attenuated or becorr
westward. Consequently, low MSTID activity after January 24 could be caused by weaker generation of secondary gravity wave
during weaker or westward strato-mesospheric jet.

CNETOWIEN S, BUEBIZEAFEDE & E KR DI O E M E I B r T T T ENHS M I NTE T,
AWIZLTIE, BEEEE R OIS T H % hEI R R E #EEL (Medium-Scale Traveling lonospheric Disturbance;
MSTID) IC #2585, HHEEICHEW T, MSTID ZEAFORME ., EFFH I TORBICHESEN SN T
EMHS MR- TE D, BED MSTID i3 FEKAD S L ET 2 KKEENRENTH D, KIEDO MSTID 1375
ARRLED—FETH B Perkins RZEDFHR L EZEZ 5N TS, A TIE. HAESHIO GPSZEMKMETESNTZT—
S EETHZRN Uz, 82 L ZERTEONI2E D 1 FEBEIEEN 5 OfF£%Z MSTID I X 5 2E 174
ZENe U, 1LRFEPEEE TR E U 72fi%Z MSTID 1EE)E & 2 L. S BEZEAFIRO I T MSTID {E#1E D21 bz
N7z,

20094F 1 ACHAE U Tz sUEBIZRRAR Tl 7 27 Otk 35-45/Z1C U\ C. MSTID iG#IE X, 20094 1 H 24 H
DR 2.0 1 ZIFHE A TWizh, 1 H 24 HLARRIZ, 209, R TH o7z, —75. LR35 L D & EEETIE, TD& S
BREEFNIR OGN oz, I—r ST, 1 H 18 HLRIC MSTID IEBIEDME NS % T &b o7z, ITEDIFE X
D, EHEE - BAEICE T 2 KAE I, PERKD SEML TEIRKE L HHEE - ARV TIHET %
FRICAE UG EEZ SN TWS, iJEEIZSRARIRICHE > THEIBICBI 2 HmERDEED., £2lmEicks b,
TREOERKIZFIFE S T D, BHIEICEIT BRMO MSTID OFEEIED KREE ISR AIRRFICI -T2 e E X2 5N 5,
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Statistical analysis of wavenumber distribution of mesospheric and ionospheric waves ir
airglow images in Japan, Canada and Russia

# Satoshi Tsuchiya[1]; Kazuo Shiokawa[1]; Yuichi Otsuka[1]; Takuji Nakamura[2]; Mamoru Yamamoto[3]; Martin
Connors[4]; lan Schofield[5]; Boris Shevtsov[6]; Igor Poddelsky[6]
[1] ISEE, Nagoya Univ.; [2] NIPR; [3] RISH, Kyoto Univ.; [4] Centre for Science, Athabasca Univ.; [5] Athabasca University,
Canada; [6] IKIR

Airglow imagers are a powerful tool to obtain two-dimensional images of waves in the upper atmosphere. Atmospheric gravity
waves (AGWSs) in the mesosphere and medium-scale traveling ionospheric disturbances (MSTIDs) in the ionosphere are typic
wave structures seen in the 557.7-nm (emission altitude: 90-100 km) and 630.0-nm (200-300 km) airglow images, respectively
Investigation of the horizontal characteristics of AGWs and MSTIDs is essential for understanding the dynamical variation of
middle and upper atmosphere.

Takeo et al. [JGR, 2017] studied horizontal parameters of AGWs and MSTIDs over 16 years by using airglow images obtainec
at Shigaraki, Japan (34 N, 136 E). Tsuchiya et al. [JGR, 2018; JpGU, 2018] have applied the same spectral analysis technique
the airglow images obtained at Rikubetsu, Japan (43 N, 143 E), Athabasca, Canada (54 N, 246 E), and Magadan, Russia (60
150 E). However, comparison of characteristics of horizontal wavenumber at different locations over 10 years has not yet bee
conducted.

In this study, we have applied the 3-dimentional FFT spectral analysis technique to the 557.7 nm and 630.0 nm airglow image
at Rikubetsu and Shigaraki, Japan, Magadan, Russia, and Athabasca, Canada, focusing on their wavenumber distributions o
ten years. For MSTIDs seen in the 630-nm airglow images in the thermosphere, the power spectrum density is strongest i
summer compared to other seasons at all stations. We confirmed that this is not because of the 630-nm airglow layer thicknes
since the difference of the thickness between summer and winter calculated based on IRl and MSIS models is not significan
When the solar activity is low, the power of longer wavelength waves is higher at Rikubetsu, but lower at Shigaraki. This
solar activity dependence at Rikubetsu is consistent with the consideration of faster AGW dissipation for smaller scale waves b
molecular viscosity in the upper atmosphere (e.g., Vadas and Fritts, JGR, 2006; Yigit and Medvedev, JGR, 2010), while that a
Shigaraki may be due to latitudinal gradient of F-layer plasma density and associated 630-nm airglow intensity through spectre
contamination to the lower wavenumber region. In the presentation we will also show characteristics of AGWs in the mesopaus
region observed in the 557.7-nm airglow images.
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Seeding of equatorial plasma bubbles by vertical neutral wind

# Tatsuhiro Yokoyama[1]; Hidekatsu Jin[1]; Hiroyuki Shinagawa[1]
[A] NICT

Equatorial plasma bubble (EPB) is a well-known phenomenon in the equatorial ionospheric F region. As it causes sever
scintillation in the amplitude and phase of radio signals, it is important to understand and forecast the occurrence of EPBs from
space weather point of view. The development of EPBs is presently believed as an evolution of the generalized Rayleigh-Taylc
instability. We have already developed a 3D high-resolution bubble (HIRB) model with a grid spacing of as small as 1 km and
presented nonlinear growth of EPBs which shows very turbulent internal structures such as bifurcation and pinching. In previou
studies, initial plasma density perturbation, which should be a primary factor of the day-to-day variability of EPB occurrence,
was applied manually at the beginning of the simulation. Although atmospheric gravity waves have been considered as a seedil
source of EPBs for a long time, no direct evidence is presented so far. In this study, we focus on the vertical wind componen
in the theremosphere as a seeding source of the lower F region. Overall, vertical wind perturbation with an amplitude of a few
meters per second can work as a seeding of EPBs.

FREBEEEICEWTIZ, FERXATLY RETIXANTIVEMENZHROMENE L BTN TWS, SR
INT JVTHES RN 7: 75 AR OAHARESE D FA UTaicid. BiIORIE, MiHOZMAZES) (S vFL—va
V) WEULS78, GPSHFIC KB E ARSI EEEE MIZT T ENHIENTWS, HEETIC, TIXNTIVD
MR NS B T R 3 JUTBUEE TV 2R L. IR ERIRICDOWTIHOMCT 2 T IR L TE Tz, 7
T ARINTIVOFPGIERFRIESS, 7T AT IVNEBORGAENE, CTNE TICBIEINTE LTI AN T IVOFRHH
LERAHBEENTE, — /. TNFETOYI2L—r3arTid. I AKREOYINET % N AW Z TIRED S
FHEZBIG L T, T XN TIVORERRIE C OWIAZEI D5 2 FIcl A7 L THE O, BEDOHLZ{LD T
BHEREEZLNTWS, JIAZEIZED HT TAERE L TARENENEINSEZSNTE N, HIEEX TIIH
HEZRREUEIE DN TRV, ZT T, KR&AENRIC X 2 JEEZ#H OE B ICER U, R LESREDO T, il
BT & A EEEE FHEE N OLE LR, $hbb I AYNT VDY —F 4 VDN THREI 2 T 120 T D HIEREK
B T RGRE IRV 2E 2, BETMICZE L. H2EEHPHN TR hERLEH %22 X, & 200km
PLEIC—RRICHIIN U 72, SHhEREZBIORIE, KE. 2817725 2 28EHEISC T, 79 AN T IVORREREICAZD
Henks, R misOREREH TH-> T, TIRAINTINDY—F 4 7 LT HRIBEZRIzE5 2 LH
BHED & otz KRAESPITHES BREREKR DD, 7T ANTIVEREDOH A BB N TEERKIHZHS>T0S L
EZbN5,
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Introduction of infrasound observation network in prefectural level

# Masa-yuki Yamamoto[1]
[1] Kochi Univ. of Tech.

Infrasound is known as pressure waves in atmosphere with its frequency lower than the human audible limit of 20 Hz. Due
to its distant propagation characteristics without large attenuation, the infrasound can be used as a remote-sensing tool for tl
huge scale geophysical events closely coupled with atmospheric environment. Here we show the current situation of infrasoun
observation network in prefectural level, that has been established in Kochi.

Kochi prefecture is located in Shikoku island and, at along the southern coast of Kochi, we have many dangerous sites ©
tsunami invasion once a huge earthquake happens in Nankai Trough in the pacific ocean, just near the southern coast of Japa

Infrasound observation network has been installed in Kochi region since 2016 for disaster prevention, taking account mainly
for tsunami disasters. In 2017 we expanded our sites to be 15 in Kochi pref. The infrasound sensor arrays reveal us sorr
important feature of the detected signals coming from Typhoons, volcanic eruption of Mt. Aso/Kirishima/Sakurajima, thunders,
fireball (large meteor) events.

As the network is one of the densest infrasound observation schemes in such specific small area in a nation, we need appropri:
analyzing method than that applied for usual arrayed infrasound sensors. In this talk, we will introduce our observation desigr
of the network as a model case and the obtained datasets for consideration of tsunami and the other disaster preventions.
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TEC and pressure changes by the 2015 Kuchinoerabujima eruption: comparison with
energy distribution by ray-tracing

# Yuki Nakashima[1]; Kiwamu Nishida[1]; Yosuke Aoki[1]; Kosuke Heki[2]
[1] ERI, Univ. Tokyo; [2] Hokkaido Univ.

Our objective is to interpret atmospheric perturbation excited by a Kuchinoerabujima volcano eruption on 29 May 2015. We
observed a large GNSS-TEC and near-surface pressure perturbations at the same time. In this talk, we will show comparing tt
observation results with energy distribution expected by ray-tracing.

Kuchinoerabujima is a volcanic island that is located to the 100 km south of Kyushu. The volcano erupted at 0:59 UT (9:59
LT) May 29, 2015, with the eruption magnitude VEI 3. The volcanic eruption caused significant pressure changes. The lowes
frequency part of them (less than "0.01 Hz) can go up and reach the ionosphere due to less viscosity attenuation. Such waves
sometimes detected as ionized atmosphere perturbations, and various kinds of responses to near-surface phenomena incluc
volcanic eruptions have been reported so far.

We use the broadband seismometer array, F-net deployed by NIED, and the barometer array installed by AIST to find the
wave propagating in the lower atmosphere. At the same time, we succeeded to detect ionospheric perturbation by GNSS-TE
derived from the 1 Hz sampling GNSS carrier phase data from Japanese dense GNSS array, GEONET. The three observatic
show similar perturbation signals in 0.01-0.02 Hz band, which come from the one volcanic air blast. However, observations nea
the surface and in the ionosphere have different physical units (Pressure and TECU), and it is difficult to compare them directly

We are now trying to estimate energy distribution using ray-tracing from the source to the ionosphere to interpret the whole of
the observation quantitatively and simultaneously. The ray-tracing method is assumed high-frequency approximation and seen
slightly hard to use in our project. Nevertheless, we checked and already reported in past meetings, the travel time curve draw
by that is consistent with the propagation observed in the ionosphere and near the surface. From the calculation of the enerc
we can estimate pressure changes and electron density perturbations. The quantitative comparison will characterize the furtt
physical processes of the eruption.
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# FAR B (1), H 1l ] [2]; 1 HeZE [3]; Hozumi Kornyanat[4]Hig F31 [5]; kil 4k [6]; i BEE [71; /MR 2R
[8]; Jarupongsakul Thanawat[9]; Pangsapa Vijak[10]
[1] 5UK; [2] 5OK « B8 [3] HUK « B [4] NICT; [5] SR AFRAHFLRE; [6] HUKEE; [7) SIHK - #E; [8] 50K - B - MRS
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Magnetic variations observed by the Swarm satellites over south-east Asia during stron
tropical rainfall

# Toshihiko lyemori[1]; Tadashi Aoyama[2]; Akiyasu Yamada[3]; Kornyanat Hozumi[4]; Kunihito Nakanishi[5]; Yoshihiro
Yokoyamal6]; Yasuharu Sano[7]; Yoko Odagi[8]; Thanawat Jarupongsakul[9]; Vijak Pangsapa[10]
[1] Kyoto Univ.; [2] Graduate School of Science, Kyoto Univ.; [3] Faculty of Science, Kyoto University; [4] NICT; [5] Graduate
School of Science, Kyoto Univ; [6] Grad school of Science, Kyoto Univ.; [7] Asahi Univ.; [8] WDC for Geomagnetism, Kyoto
Univ.; [9] Faculty of Science, Chulalongkorn Univ.; [10] Chulalongkorn Univ.

Cumulative convection is expected to generate acoustic mode atmospheric waves, and they are expected to generate Magneti
They are observed as a small scale magnetic variation. That is, their typical amplitude is less than a few nT with period arount
10-30 seconds. They are observed by low-altitude satellites almost always along the orbit in low and mid latitudes. From the
Swarm satellite observation, it was confirmed that they are spatial structure of short scale field-aligned Guivaritsus case
studies and statistical analyses strongly suggest that the main source is the cumulative céfivécttiodower atmosphere.
However, it is still not yet very clear probably because the cumulative convection exists everywhere. To show the generatior
process of magnetic ripples more directly, we have been making geomagnetic and micro-barometric observations, GPS-TE
and meteorological observations such as rain-fall, wind velocity, temperature etc. in Phimai, north-east of Thailand and in
Nakanoshima Island South-West Japan. In this paper, we show the results of Swarm satellite observation over South-East As
GPS-TEC and ground observations during conjunction events. The polar orbits of Swarm-A and &#8211;C satellites are shiftec
about 1.4 degree in longitude, i.e., Swarm-C flies about 1.4 degree East of Swarm-A with around 10 seconds delay, and henc
they fly parallel with maximum distance about 140 km near the equator.

(Wlyemori et al. (2015), Geophys. Res. Lett., 41, doi:10.1002/2014GL062555.
(2)Nakanishi et al. (2014), Earth Planets Space, 66:40, doi:10.1186/1880-5981-66-40.
(3) Aoyama et al. (2017), Earth, Planets and Space, 69:89, DOI 10.1186/s40623-017-0679-2.

(i P R 1 2 DS R S TSRS % XY v 7OV 8500 B T INMRIE O R FIARESE 280 d . piiain
B IRREBIR OIS TH 5 T A, 20134 11 HIHT B EiF 5Nz ESAD Swarm-A,-B,-C I IC & 2 M5 81
W7 — 2 OfEFih IS MR- 72 W, IRIBOHIERR, ZFEISHPEED 1, Local Timef®IFIE DRI, 4
BREEEIG. B E ORISR E, BRARIRMGEEN S A ORZEA S & N2 BT — FORKET#E)IC
XZBHETOX A FEEADEKNTH S LHEIE NS @60, UL, EOMEMFEDSRERELZ>TOEDNRE,
KOEENTRNIEEZ DTS LIETETVWARY, FZ T, TOREETIE, BMFETORI—)VITES X5 HR27% LV
FERBISM IR UTe & E IS B2 2R 7T 1.4 71T U CARAI L 72 Swarm-A & Swarm-CORGIGBIIIT— 2, 21 )
A& Phimai*® k77 5 Wz 5 TIRIFEBII U 723 e s, WS, BRI, EUSB KU GPS-TECT — 2 & EZHEICHIR LTz
fR 2 TS 2,

(Wlyemori et al. (2015), Geophys. Res. Lett., 41, doi:10.1002/2014GL062555.

(2)Nakanishi et al. (2014), Earth Planets Space, 66:40, doi:10.1186/1880-5981-66-40.

(3) Aoyama et al. (2017), Earth, Planets and Space, 69:89, DOI 10.1186/s40623-017-0679-2.
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# Eh) AL [1]; S D BME [2]; Mahieux Arnaud[3];E A B [3]; HIT JAHS [1]; 538 BEE [4]
[1] 3RAEK - B - HUERYEE; [2] CAOS, Tohoku Univ.; [3] BIRA-IASB; [4]3dL K - B

Modification of the retrieval tool JACOSPAR for the Martian limb observations

# Masashi Toyooka[1]; Hironobu Iwabuchi[2]; Arnaud Mahieux[3]; Shohei Aoki[3]; Hiromu Nakagawa[1]; Yasumasa
Kasaba[4]
[1] Geophysics, Tohoku Univ.; [2] CAOS, Tohoku Univ.; [3] BIRA-IASB; [4] Tohoku Univ.

A fully spherical radiative transfer (RT) code with multiple scattering is extremely computationally expensive. To reduce the
computational time, some approximations are usually needed. Smith et al., (2013) applied the 'pseudo-spherical’ approximatio
(Spurr, 2002; Thomas and Stamnes, 1999 ) to the retrieval of the vertical distribution of dust and water ice aerosols. It was foun
that the computed radiance under the pseudo-spherical approximation was accurate within a few percent and was two orders
magnitude faster than the exact Monte Carlo(MC) calculations. However, there are still some potential demands to treat fully
spherical systems for the atmosphere under the multiple scattering conditions.

JACOSPAR considers refraction and multiple scattering of light by aerosols in a fully spherical atmosphere (lwabuchi et al,
2006, 2009a, 2009b). It calculates the radiance and Jacobians effectively with requested accuracy by adopting 'backward Mon
Carlo method’ and 'Dependent sampling method’ (Marchunk 1980) with reduced calculation costs. JACOSPAR was applied
to the Earth’s observation of O3 and NO2(Irie et al., 2012). Recently, EU UPWARDS project (D1.1) applied JACOSPAR to
the limb observation of Mars. The radiance computed by JACOSPAR was compared with those computed by the independel
MC code. In the altitude range from 0 to 80km (80 layers) the calculated radiances of both codes showed a good agreeme
with the uncertainty of less than 1 % on average. In this study, we performed a further optimization of JACOSPAR for the limb
observation of Martian atmosphere. We conducted radiative simulations as following settings.

The absorption coefficients of Martian gases (CO2, H20, and CO) were calculated with the line-by-line method under their
mixing ratio profiles. The single scattering properties of dust and water ice were calculated with the Mie theory (Wiscombe 1980)
and integrated with the modified gamma distribution (Warren 1984). The refractive indices of dust and water ice are referred tc
from Wolff and Clancy (2003) and Warren (1984), respectively. The mixing ratio of the gases in the Martian atmosphere were
assumed to be 95.32% of CO2 at 0-79km, 300 ppm of H20 at 0-79 km, and 800 ppm of CO at 0-79 km, respectively. The
vertical temperature pressure profiles were selected from the solar EUV average conditions of Mars Climate Database (Forget
al., 1999).

For this application, we modified two points of JACOSPAR code in order to stably calculate the radiance in the thin atmosphere
of Mars. (1) In the upper atmospheric layer of Mars where the multiple scattering rarely happens, the radiance can vary 20-309
depending on whether the observed light is the single scattered one or multiple one. This can cause unstable computation resul
Thus, we modified the threshold to decide the occurrence of the scattering event. (2) When considering the finite size of Field
of-View (FOV), the radiance is averaged by taking the number of line of sights(LOSs) within the FOV. The LOSs were selected
randomly in JACOSPAR. However, a slight difference of LOSs can cause significance on the number of scatterings in the limk
geometry. We modified to set the LOSs uniformly within the FOV.

Based on these modifications, we conducted the test simulations for the geometry of OMEGA/MEX limb observations in the
altitude range from 0 to 60 km with 6 layers. The analytical Jacobians for the absorption and the scattering by aerosols wer
compared with numerically calculated Jacobians by giving perturbations to the optical depth of each layer. The analytical anc
numerical Jacobians for absorption agreed well within 2%. Meanwhile, those for the scattering are within 10%.
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Influence of MJO on the Turbulence Kinetic Energy in the Tropical Tropopause Layer
observed from Equatorial Atmosphere Radar data

# Noersomadi Noersomadi[1]; Hiroyuki Hashiguchi[2]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.

We investigate the turbulence kinetic energy (TKE) near the tropical tropopause using long-term dataset of Equatorial Atmo-
sphere Radar (EAR) version 02.0212 from July 2001 to June 2018. TKE is estimated from the observed spectral width data i
the northward beam to reduce the effect of strong zonal wind shear. We analyze the variation of TKE and the mean zonal win
(V) at 17 km, which is considered as the mean height of the tropical tropopause, as well as the phase propagation of Madde
Julian Oscillation (MJO) from the Real-time Multivariate MJO index (RMM). We discuss the relationship between TKE and U
in the active and inactive period of MJO (MJOa and MJOi), on the basis of the amplitude RMM, at Phase 3 and Phase 4 (P:
and P4) when MJO propagates from Indian Ocean to Maritime Continent. The results show that both during MJOa and MJOi
TKE is found larger up to 1.0-1.5 (mA@ssociated with strong westward wind than with eastward wind (about 0.5 {nThe
magnitude interval of westward wind in MJOa is larger than in MJOI, particularly at P4. The variation of TKE and U in sea-
sonal MJOa at P4 indicates contrast between northern hemisphere winter and summer. Our analysis describes large turbuler
occurred associated with strong westward wind especially during the active period of MJO.
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Construction of electrostatic measurement network for thunderstorm observation in
Ashikaga City, Tochigi Prefecture

# Kozo Yamashita[1]; Yukihiro Takahashi[2]; Mitsuteru SATO[3]
[1] Engineering, Ashikaga Univ.; [2] Cosmosciences, Hokkaido Univ.; [3] Hokkaido Univ.

In the recent, lightning observation has been considered as an effective and low-cost tool to carry out early detection an
short-term forecast of thunderstorm which causes extreme weather events, such as tropical cyclone, torrential rainfall, etc. Pr
vious studies indicated that detection of intracloud (IC) lightning discharge which occurs before cloud-to-ground (CG) lightning
discharge was a key technology for nowcast of extreme weather events.

Detection of thunderstorm electrification before IC based on electrostatic measurement is also focused on as an effectiv
method for early detection and nowcast of thunderstorm activity. However, preceding studies also pointed that not only thunder
cloud but also charge nearby sensor could be detected in electrostatic measurement due to high sensitivity. Although electrosta
measurement would be effective especially for nowcast of lightning discharge, it remains at the research stage because of tl
difficulty of operation.

In this study, we have newly deployed simple and low-cost electric field mill (EFM) to construct multiple electrostatic mea-
surement network in Ashikaga city, Tochigi Prefecture. Previous meteorological research indicated that Tochigi prefecture is on
of the most intense regions for thunderstorm activity in Japan. In this area, several isolated thunderclouds could be monitore
during a summer. If isolated thundercloud can be observed by multiple electrostatic measurement, development of electrificatio
in cloud would be derived quantitatively as an inversion problem. In this presentation, details of test observation and status o
EFM deployment is summarized.

This work was supported by JISPS KAKENHI Grant Number 15K16314, 18K13970 and by Japan International Cooperation
Agency (JICA) and JST under SATREPS.
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A study for the promotion of Open Science by the MF Radar data sharing experiment

# Fusako Isoda[1]; Yasuhiro Murayama|2]; Koji Imai[2]; Manabu Kunitake[2]
[1] NICT; [2] NICT

Open Science is being actively discussed increasingly, in various aspects including acceleration of research through the shari
of research data. It is considered that highly intellectual value data of various research institutions is considered as the result «
scientific research, and that it will be important to be shared, used and re-sued in the general society in the future (e.g., Cabin
Office of Japan, 2015).

As an incentive for researchers to share their data, recent investigation and practice promotes that minting a digital objec
identifier (DOI) to a dataset and citing the dataset in a research paper when itis used in the paper (e.g., Force 11, Joint Declarati
of Data Citation Principles, 2014, doi:10.25490/a97f-egyk). In Japan, as the first case of DOI registration experiments, the neutre
wind data of the Alaska Poker Flat MF Radar (MFR) of NICT (doi: 10.17591/55838DBD6CO0AD) has been granted (e.g., Japan
Link Center, DOI Registration guidelines for research data &quot;, 2015, doi: 10.115@2iRelineja), which are actually
cited in papers (e.g. Kinoshita. et al, JGR, 2015, do0i:10.1002/2014JD022647).

This Poker Flat MF Radar data file has been stored and managed on-premises (servers in the organization) and has be
provided by FTP and HTTP to registered collaborating researchers. On the other hand, in recent years, Web archive collected |
the National Diet Library (NDL) Warp (Web ARchive Project) is an attempt to store data in the role of a research institution and
an information storage organization (Kimezawa and Murayama, 2017, doi:10.18919/jk¢597.9

Taking into consideration the above, we plan to study unresolved techniques and methodology of data sharing based c
an experimental sharing of data of the MFR. In these cases, we will need to investigate proper design, technique, and practic
possibility of storage, management, and use/reuse of the data. The result is expected to contribute to long-term or future utilizatic
across multidisciplinary fields. A case study is currently assumed to use horizontal neutral wind datasets in the mesosphere al
lower thermosphere of MFRs at Wakkanai (1998-present), Yamagawa (1998-2009) and Poker Flat (1998-2012).

Also the data sharing policy and an incentive for researchers and experts in charge of managing and producing data wi
be necessary subjects for further consideration. It will be necessary to discuss roles of functions of stakeholders includin
researchers, research institutions, scientific societies and the academic publishers (and their journal editorial policy). As for th
incentives, the data citation by DOI has potential to be useful to evaluate and recognize data-producers’ contribution, hopefull;
resulting in shedding light on inaccessible datasets. The study of the evaluation mechanism will need to be discussed at tt
associations or communities.

Open science is said to change the way of scientific research. In particular, it is important to aim for new concept and
paradigm of research data management, preservation, sharing and re-use, as much as possible for each researcher, commu
and in society. It is still at developing stage not only in Japan but also in Europe, America and other countries/regions who are
interested in. We aim at making its progress based on experiments, consideration and investigation using our own observatic
datasets.

WRT—2%aI 27NN EHFTEH e 2B U THRZINET 5, EWVWIEZAN, Wbdd4—7 81
IV ADiERDOHP TR ENT VS, FlZIX, AT TS LSRN RO EM D &« I E D &
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BIE, TERDEICBT 24—V A T2 AHEEDH D FIZDOWT L, 201572 8),
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Object Identifier ; DO) ZDF, 7—ZFHKHIE T2 T EDMETEN T3 (B2 X, Force 11 Joint Declaration of
Data Citation Principles, 2014, doi:10.25490/a97f-egyl00OIl X EkEERDH —5 & L TiZ. NICT D7 T AH « R—Hh—7
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Study of Mountain waves above Kanto plain by airglow imaging

# Satoshi Ishii[1]; Hidehiko Suzuki[2]
[1] Meiji Univ.; [2] Meiji univ.

Atmospheric gravity waves (AGWs) transport momentum from the lower atmosphere to the upper layer and drive the global
circulation in the upper atmosphere. Major excitation sources of AGWSs are local convective activities in the troposphere and loca
disturbances caused by interaction of mountain topography and tropospheric wind. Especially, topographical AGWs (mountail
waves) are considered to be one of important factors giving local variabilities on middle atmospheric circulation.

We have observed OH airglow since Dec. 2015 in Kawasaki, Japan (35lAB%.549E) to reveal the excitation and prop-
agation processes of mountain waves. A mountain area including Mt. Fuiji exists in the western side from the observation poin
which is sited in middle part of the Kanto plain. This would make easy to compare the observed results with simple model
and would contribute to reveal the excitation and propagation processes of mountain waves. Although many mountain wav
events were expected to be observed by the airglow imager, only five events which have no ground phase velocity (i.e. possib
mountain wave events) had been observed during the period between Dec. 2015 and Dec. 2017. Moreover, it is shown th
three of them are likely to be a ripple structure which is kind of an unstable structure or evanescent waves [Okuda, Master thesi:
2018]. Therefore, in order to improve the detection rate of mountain wave events, we have changed the objective lens of th
imager to make its f.o.v. wider since May 2018. We also have developed an image processing procedure to extract mountai
wave structures with small amplitude and various wavelengths from an airglow image.

In this presentation, we introduce the new analytical method to extract mountain waves from an airglow image. Mountain
wave events during June to July 2018 newly identified by this new analysis method are reported and its excitation and propag:s
tion processes are discussed based on background atmospheric parameters.

KEETE T FERGD S I Ed#E 2t U, #E K& I 2 ERBIRE O KB ERZ B4 5, KR5E I
OFNEE & Uik, FHRBOEFR R EE. ILEHIEIC X O KEP sl FRX¥sns c Lick>THEL B E
REELIC K 2 8O D %, FHCHIEZ DO KKE TR BIEIED M EICHEE SN T\ 5728, FHiZHT 5 NEA&D
JEUHE & DREfR THIERXIEERDREIC—E DA Z 5.2 2 HEZKNFDO—DEEZLNTWVS,
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R ARG DEGHE DD SRE RIS 272 RN T &0, ZDKFERT — )b & kR DR b AR ZEREIED—FET
B2V TIEETHZAEEENE VT EAVREN TV S (BEHIED, 2017, ZZ T, iEEEomERZR L83
728, 20185 HX DA A= v =D)L > X722 L, BIEE 255K U728kt L T\ 5, 2huck b %
NEHR LTV, KO EFREDOIIENEZ M fEIc x5 i E NS, /2. FARICEREDIERBIZ M T 572
DT FHEDRIF 21T 5 Tzo ILHFB I FHECSIRA IS FEE S T ORISR 2 R 7297, 2R DR A E) L
KD H % 128, TORERIAMICT 2 72011E, 4 A=Y T =22 AcEETUEL WY, L L, 28R LHE
FBREDRTT— VDK EHREMEEZHREBLE S &35 L, HIICHEE L2720 T RKOGRE O KTEAMKENE (van Rhijn
R RN A TREEOZEAE M (75 M) AEPEELTLEWY, RIEO/NSWRKINENIE T — 2 5HA
T3 EHWNEICIRD, TT T, A TR, 77 MHIEZRBEEI T TeA A=V T =2 K0, WMENKIAMICKLE
T B ZBREL, RIS K B BELE RGO A A=V T =2 Sildild 5 FiEZ iz BT Uiz,
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DWTERLUIMEREZIMET %,



R005-P06 215 Poster B¥RY: 11 8 25H

Neutral and plasma density perturbations in the top-/bottom-side ionosphere associate
with MSTIDs

# Shin Suzuki[1]; Jaeheung Park[2]; Yuichi Otsuka[3]; Kazuo Shiokawa[3]; Huixin Liu[4]; Hermann Luehr[5]
[1] Aichi Univ.; [2] GFZ; [3] ISEE, Nagoya Univ.; [4] None; [5] GeoForschungsZentrum Potsdam

Medium-scale traveling ionospheric disturbances (MSTIDs) are a well-known wavy structure in the F-region ionosphere. They
typically have a horizontal wavelength of several hundred kilometers and a periodicity of about one hour. Although, the MSTIDs
were considered to be caused by atmospheric gravity waves, recent studies have suggested that the generation of the MSTID
nighttime is highly associated with coupling processes between the E- and F-region electrodynamics. To confirm the differen
processes in the MSTID generation in daytime and nighttime, CHAMP satellite measurements would be greatly helpful, CHAMP
plasma and neutral density data obtained in the day- and night-side sector can monitor the phase relations between the neu
(i.e., atmospheric gravity wave) and ionospheric plasma perturbations simultaneously at the top-side F-region (approximatel
400 km).

As the first step in the abovementioned research, we compared the MSTID signatures between the CHAMP and ground-bas
630-nm airglow measurements to validate the MSTID detection by CHAMP. Airglow imaging is a quite useful technique to in-
vestigate two-dimensional characteristics of the nighttime MSTIDs. Horizontal parameters of the MSTIDs (such as wavelengths
motions, and their spatial extent) can be estimated directly with a high spatial and temporal resolutions through the 630-nn
airglow emission in the bottom-side F-region. Previous study by Park et al. [2009, JGR] made an investigation of spatial signa:
tures regarding one MSTID event using airglow images along the CHAMP orbit. The Institute for Space-Earth Environmental
Research, Nagoya University, have operated airglow imaging network, as the OMTI system, around the world since 2000; thi:
network gives much more chance to make coordinated measurements with CHAMP.

In this presentation, we will report the statistics of conjugate MSTID measurements at mid-latitude Japanese stations (Riku
betsu: 44N, 144E, Shigaraki: 35N, 136E, and Sata: 31N, 131E) with CHAMP and the ground-based optical network in 2005-
2008.
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Sounding rocket experiment of the vertical 2-D electron density profile in ionosphere

# Yuki Ashihara[1]; Mamoru Yamamoto[2]; Keigo Ishisaka[3]; Atsushi Kumamoto[4]; Hidetaka Shirasawa[5]; Takumi Abe[6]
[1] Elec. Eng., NIT Nara; [2] RISH, Kyoto Univ.; [3] Toyama Pref. Univ.; [4] Dept. Geophys, Tohoku Univ.; [5] ICT Edu.
Center, Tokai Univ.; [6] ISAS/JAXA

Various sounding rocket experiments has carried out for ionosphric observation before. In situ observation is most effective
e.g., the Langmuir probe is the most popular method to measure electron densities by sounding rocket. However, because it is

situ observation, it can not observe the spatial structure of electron densities in the ionosphere.

For observing the vertical 2-D electron density profile, we have proposed Rocket GPS-TEC Tomography method(GPS), whicl
applies tomography analysis on the TEC values observed by rocket observation. We have been planning an sounding rock
experiment by using GPS, Dual Band Beacon(DBB), LF/MF Receiver(LMR), Ne (electron number density) measurement by
Impedance probe(NEI), Sun Acquisition Sensor/Horizon Sensor(SAS/HOS). In this paper, we deliver the progress status of th

experiment preparation.

N E THEEHEBNZ B UZBa 2y MEEDEL TN TV, Blilla sy FEERICBT 2B HRENETEE
LT, 927327707 A VY E—Z U ATu—T 2\ Ta—7%2H05  EMN2V, 7Ta— 71k E %
BN TZ 20, ZOLBIIITH % 7= dDICBIIT 7y N EIOE FEEZERMEE T DD Biav, —/5 T, PREERREICE
U B I AR R AR E (Field-Aligned Irregularity: FAI)’@EP%%*%{K%Q‘@%%EI?EEL (Middle-Scale Traveling lonospheric
Disturbance: MSTID EFDOEHEELHSZIET 572DI1Cid. BT HEOZEMEEBNNLE L K5,

By BT X % FEEEEZE MG E OB TFE & LT, D#/FG%THEM RET 5, AFETE. oy
MM ECEIL 7 GPS-TECT— 2% b EY ST 4 fitfid 5 C & T, EBHEOZEREZHEE T 5, L&, bz
0’y ks GPS-TECHH (GP9 Ichiz T, 2 A —a @l (DBB)., EHHENEN (LMR), A E—& Y
A7 a—7 (NED. KF7 - H Rt > Y (SAS. HOS) Z W @liflla v b3zt LT D, KON T
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Study of the characteristics of growth of Nighttime-MSTID in mid-latitude observed by
GNSS

# Takafumi Ikeda[1]; Akinori Saito[1]; Takuya Tsugawa[2]; Hiroyuki Shinagawa[2]
[1] Dept. of Geophysics, Kyoto Univ.; [2] NICT

We think two mechanism, E-F coupling and Perkins Instability, will relate to growth for nighttime-MSTID in mid-latitude
[Tsunoda and Cosgrove., 2001 ; Perkins., 1973]. Linear growth rate of perturbation intensity of Pedersen conductivity expecte
from E-F coupling is around 15 minutes [Yokoyama et al., 2009], which is far shorter than one expected from Perkins Instability
[Fukao and Kelley, 1991 ; Miller et al., 1997 ; Shiokawa et al., 2003]. However, Es layer’s spatial and temporal scale is less thar
100km and 15min [Maeda et al., 2013 ; S.Saito et al., 2007]. They are different from MSTID’s ones, which are 200-400 km and
around 2hours [Otsuka et al., 2011]. To decide which instability is responsible for growth of nighttime MSTID, the growth rate
of MSTID was observationally determined with ground-based GPS network data.

We analyzed the statistical characteristics of nighttime MSTID in mid-latitude at 2014 observed by GNSS. We applied two-
space and time spectral analysis to calculate MSTID’s growth rates. We compared growth rate observed with linear growth rate ¢
Perkins Instability for two method. We calculated latter using by ion temperature, neutral wind velocity, electric field and O mass
density of GAIA model [Jin et al., 2008] and magnetic field of IGRF model. First, we compared maximum growth rate observed
in one day with maximum growth rate of Perkins model in one day. Observed maximum growth rate was G.13-8s7' ,
which was similar to maximum linear growth rate of Perkins instability. Second, we compared observed growth rate with one
of Perkins instability about seasonal dependence in 2014. Observed growth rate was«1L0-6s0' during 1800LT-0600LT
in summer (May-Jun-Jul-Aug). In winter (Nov-Dec-Jan-Feb) growth rate was 1.93160's~! during 1800LT-2400LT, after
than growth rate was less than %00-*s~!. Linear growth rate of Perkins instability was larger in summer. Observed growth
rate in summer was not related to Es layer intensity [Ogawa et al., 2002] observed by lonozonde at Kokubuniji. Linear growth
rate of Perkins Instability is decided to F-region neutral wind, so nighttime MSTID’s growth in mid-latitude would be decided
by Perkins Instability and F-region neutral wind, not E-F coupling.
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Relationship between mesospheric gravity wave activities observed by ISS-IMAP and
occurrence of equatorial plasma bubbles

# Ryota Okada[1]; Akinori Saito[2]; Takafumi Ikeda[2]; Hiroyuki Shinagawa[3]; Takuya Tsugawa[3]; Takeshi Sakanoi[4]
[1] Earth and Planetary, Kyoto Univ.; [2] Dept. of Geophysics, Kyoto Univ.; [3] NICT; [4] Grad. School of Science, Tohoku
Univ.

In this study we investigate relation between occurrence of equatorial plasma bubbles observed by GPS-Total electron conte
(TEC) data ,linear growth rate of the Rayleigh-Taylor instability in the ionosphere obtained with GAIA and mesospheric gravity
wave activities observed by ISS-IMAP/VISI.

TREEREIC B W TEFEENRKE KB LIHEEDBIIE NS 2 Wb b, TOFKD 2T I AT )V E
5o BEEBEKIBOMIMELNL AV — « 74 T—ALEMIC K > THRET % L0 FERENEZ DN TV, LIt
e BIE T ORUMETLE U TIEHhHEE C600km DORKE/ENAEITHENT VS, KKE I OFEAEITITFREOFHI
K XKBEFNTREINTED, FBAHEEORERAOLHND 5 EEZEZENTVED, ZDEK D HEARKE T DLE M,
TIRINTIWDOFEICBNTLA ) — « T4 FT—ALERDRERIZF CRFIPATETRVWEHDOFRKNEIE> TS EE
ZH6N5%, KKENPFEOBREICKZEH & LTIE. lonosphere, Mesosphere, upper Atmosphere and Plasmasphere mapping
mission from the IS$D Visible and near Infrared Spectral Imager(ISS-IMAP/VI&)762nmA% 't T — % % W ClALLH F
KRB D A2 R LT FEATIZRIc & 0 7 7 ) A PaES s oD /5 AVRER U K © & [RLOH EETEAZ RGNS T &
MEREENTED, BT HHITEREDRESARL LML NTVS,

% T T GPS-Total Electron ConterltTEC) 7—Zh 55 H L 7z Rate of TEC Index (ROT)C X © 7 7 V) ARg&URiEHT T
DHRAAZNZENOBIIICET 2 75 AT I)VOFE R A T LI Lce ZORRLLTFO X 5 SR R 5N e,
T ARINTIVOFERIET 7V AFEHO A HEMI K O & 2RI &V, 10 H~3 H ORI, 5 H~8 H DR
WIFHBITORERD T EL RAHEADRENE, 7T RAINTIVORERIEFEIMICTEL . EELXEIE Y, Th
ZThOHIE TORELZOE— 7 O EHEITc2, 3100 114, HET3., 4HE 8, IHICRLNE, FlTh%E
DT'T XNTIVFAROZRE - FIERAFEICE NS R XS REmA RSNz, FERIOFEAERO ¥ — 7 I3ZFHiiC
XZEVWEIHEDARENEh TN, HUORELDOE—7138, 9ADHIH 3, 4 AR TKIFEIEANMERDN RS
NTzo TORERUITATIHIED 7T AN T JVFERDOFT « REIKEFEICIE RS NRWHETH 5, 5D GPS-TEC
T—RNC KBTI ARNTIVREOR T & K& - BEEEGET )L GAIA DFERMSEB L THEONZL AV — - T
A T —RLEDOFIE R ER & OBIRIEIC ISS-IMAPIVISI D 762nmAEET — 2 I B1F 5N % K 95km D KK E )
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Estimating the shape of plasma bubbles by using 630.0 nm airglow observations in
Ishigaki

# Kohei Takami[1]; Keisuke Hosokawal2]; Susumu Saito[3]; Yasunobu Ogawa[4]; Kazuo Shiokawa[5]; Yuichi Otsuka[5]
[1] none; [2] UEC; [3] ENRI, MPAT; [4] NIPR; [5] ISEE, Nagoya Univ.

Plasma bubbles are regions in the nighttime equatorial F-region ionosphere where the electron density is significantly deplete
Plasma bubbles are known to affect the accuracy/stability of GNSS (Global Navigation Satellite Systems) because the stee
gradient and small-scale irregularities within or in the vicinity of bubbles can disturb GNSS signals propagating through the
ionosphere. Plasma bubbles usually evolve along geomagnetic meridian and change their shape during the eastward motic
The changes in the shape of plasma bubbles are closely related to the background neutral winds and ionospheric conductivi
However, there has been no definite conclusion on how bubbles change their shape during the propagation. In this study, v
analyze the shape of plasma bubbles by using 630.0 nm airglow observations and discuss their temporal evolution.

In this study, we make use of the Optical Mesosphere Thermosphere Imagers (OMTIs) and the WATEC imager both which
have been operated in Ishigaki (24.4 deg N, 124.1 deg E) station. The exposure time and optical filter of OMTIs are severall
160 s and 630.0 nm, respectively. The WATEC imager consists of a small camera (WAT-910HX), a fisheye lens and an optica
filter for the 630.0 nm airglow. Both the exposure time and temporal resolution of the measurement is 4 s. One of the problem:
of the WATEC imager is its low S/N ratio due to thermal noises because the CCD of the camera is not cooled. To minimize this
effect, we removed the thermal noises by integrating its raw images for 2 minutes.

We have detected plasma bubbles on 63 nights from March 26, 2014 to December 25, 2016. On March 13, 2015, we detecte
plasma bubbles changing their shape when their eastward moving velocity gradually decreased. The eastward drift velocit
estimated, with an assumed emission altitude of 250 km, changed from 93 m/s to 49 m/s at 17 deg geographic latitude, and froi
103 m/s to 49 m/s at 20 deg geographic latitude. Besides, the offset angle between the bubble and the geomagnetic meridi
changed from -5 to 5 degrees. In the presentation, we demonstrate the eastward drift velocity and the shape of 63 bubble cas
and compare them with models of neutral wind. In addition, we discuss the shape of plasma bubbles extracted by using Sob
filter and Histogram of Oriented Gradient (HOG) method.

FREEHEIC BT, FREEOBE FHENRATICKE D LTIZEEDNENES NS 2 ehb b, OO &2
FRAINTIVEMS, TS5 XNT)VE, JEFH & ORI HREGIC K X 75 B a2 O AR & /N RIE ZE D
H3 728 GPSHINI DRSS ZE ISR KIET T ENVHILEN TN B, T ANTIVLEFE S IRITID » T2IRIR TH
ELURAEICBHIT 28T, JBIRDELT %, 7T AN TIVOIBIROZLIZ I EDESILEEICERT S E X
SENTWVSH, HERTIFERIEME TN TWVERV, R TIIAREGEA A=Y vy ZHW BB O 7S X377 )LD
BUHNC X BTBIRE 2110, 75 AN T VDGR DRFZ LIS DWW T ELETT 9,

AW TRV S BHIBSEIAIHE (24.4 N, 124.1 E)CRIE T TV % OMTIs(Optical Mesosphere Thermosphere Imagers)
N WATEC A A— % Tdh b, OMTIs ., FEEHEM 1607, UL 630 nmDYEE T ¢ )L 22— Tz REOEE
MziT>TWVBD, WATEC A A— v id, HUOIEE 632 nm YR 10 nmDYEE T ¢ )V Z—72 v, § 4 R OFR R
(BRI MRREE R L) T, AL < 630.0 nmAKOEEEHIL TW5, WATEC A X— v CTlZIRAHI CCDZHWVWTED,
BRICBHES /) A ADEZ L EFEND, TTRAINT I EBINT 20 EL 55 /A AR 5728, 4BOFEHE{GE 2
Db lz> TS LieTr—2 2R LTz,

20144F 3 A 26 H- 20164 12 H 25 HOWM D 63 M BN T TS5 AT IVAVEIRIE Nz, 20154 3 H 15 HI I,
TS5 AXINT VO KA E DOBEHEMELIEL KD, NTIVDORIRICEZIENR SNz, ZOHREFNT DOV TR LI
LT A, FEBER 250 km EE LT2E. 12 UTHS 16 UT ORI THIFRAERE 17 Tl 93 m/sh 5 49 mis HiFEfEE
22 JE Tl 103 m/sh 5 49 mIsE THED D L TWB T Wb ol Fiz, WK TR &N T IV OG5 DR D
FEZ (Bt 0 ZIEE LIERE) -5 DD 5L L Tz, BETIE TS X NTIVHERIE N-4 63DV T
WS N CTARFRMT 2170 BT V72 O Tz R E O[S & i 21T 50 TEIRMTIC DWW Tl Sobel Filterz W ey &
#itti, HOG(Histogram of Oriented Gradient) U /=Rt X > TR AR Z AT 5,
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Plasma blobs and bubbles concurrently observed by muti-instruments in low latitude
lonosphere in the Asian-Oceanian sector

# Zheng Wang[1]; Huixin Liu[2]
[1] Atmos.,Kyushu University; [2] None

With simultaneous ionospheric observation data from ROCSAT-1 Satellite and ionosondes, three cases of concurrent plasn
blobs and bubbles were observed around 22:30 in the same magnetic meridian at low latitude in Asian-Oceanian sector. Plasr
blobs insitu-observed were near 600 km height, above the ESFs observed by ionosondes. Scintillations were also observ
near the same magnetic meridian. Considering that both plasma bubbles and blobs are field-aligned elongated structures, th
concurrent detections of plasma blobs and bubbles provide direct observational evidence for the proposed blob formation in th
intermediate stage of plasma bubble generation.
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A network of low-cost airglow imaging system for monitoring plasma bubble in wide
area

# Keisuke Hosokawa[1]; Susumu Saito[2]; Yasunobu Ogawal[3]; Mamoru Ishii[4]; Yuichi Otsuka[5]; Takuya Tsugawal4];
Chia-Hung Chen[6]
[1] UEC; [2] ENRI, MPAT; [3] NIPR; [4] NICT; [5] ISEE, Nagoya Univ.; [6] Earth Science, NCKU

Plasma bubbles are regions in the nighttime equatorial F-region ionosphere where the plasma density is significantly deplete
Plasma bubbles affect the accuracy of GPS positioning since they have a steep gradient in the electron density in the F region a
can disturb GPS signals propagating through the ionosphere. 630.0 nm airglow observations with ground-based all-sky image
have been used for imaging the two-dimensional structures of plasma bubbles in the last two decades. However, such systel
tend to be expensive and not easy to handle; thus, it has been difficult to visualize the large-scale structure of plasma bubbls
by setting up multiple imagers at different stations. For this purpose, we recently developed a low-cost airglow imager which
consists of a small camera (WAT-910HX), fisheye lens and optical filter. We then evaluated the feasibility of observations of
plasma bubbles by using the low-cost airglow imager and confirmed its capability for imaging the spatial structure of plasma
bubble. Following this result, we started deploying the system at low and equatorial latitude regions since 2017. As of August
2018, we have installed the Low-Cost Airglow imaging System (LCAS) into four stations: Ogimi and Ishigaki both in Okinawa,
Tainan, and Chumphon within a framework of international collaboration and data sharing. In the presentation, we present th
overview of the system and share the current status of the project.
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Examination of vertical distributions of coseismic ionospheric disturbances using GPS
occultation observation

# Yuta Inoue[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]
[1] Grad. School of Sci. and Eng., Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba
Univ.

It is reported that ionospheric disturbances are caused by large earthquakes. One of the causes is the infrasound wave exci
by surface waves propagated on the ground from the epicenter. The characteristics of horizontal propagation of the ionospher
disturbances after large earthquake have been examined by using a network of ground-based GPS receivers. On the other hs
the vertical propagation of coseismic ionospheric disturbances are rarely reported.

In this study, to examine the vertical propagation of the ionospheric disturbances, we have examined electron density profile
observed by GPS radio occultation measurements of FORMOSAT-3/COSMIC satellites.

We analyzed the density profile data in association with Tohoku Earthquake (M9.0) occurred at 5:46:18 on 11th March 2011
(UTC). The density profiles located within 30 degrees both of latitude and longitude one hour of the earthquakes were used.

The fluctuation of the density profile is determined by the difference of the observed profile and the Chapman layer model
fitted to the observed profile. Then, long period fluctuation which seems to be caused by the earthquake over altitude 200 km t
400 km was obtained. From propagation velocity and propagation time of the perturbations from the epicenter to the observatio
point, it is confirmed that the disturbances are occurred due to the earthquake.

KR EREIC K Y, BEBEELSRETZCeMHEINTVS, T, HEZHEIC X 0 E TS
DKRKENIWEHEEHEEEE TERT 5720 ThH %5, MEREZLOBREEEEL O mMOMERE X, GPS-TECEH
REEFAWTHLNMCENDDH M, SHESHOEMREE A 12613 Dk, 22T, AWZETIE, HWEICfES S
%ﬁ%ﬁ@ SENCDOWNT, FRICEBE MO H L, FORMOSAT-3/COSMICHEIC X % GPSE I HEI &5
N3ET ﬁ@mﬁ7m7/4wr—&@MM%ﬁoto
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D & U CREFERRENE 30 FELLN OHIEEFRAER 1 £ CICHUS S Ne 77— 2 i L, izt -o 7z,

BRI NEEHR D ZFE UL NI 2728, i NIzEEohEF vy 77/%—r}b7a’:ﬁﬁb\f74 wrYIL, ¥
NSOITNELZF NS L UTHIE L72FEER, & 200 km~400 kmic b iz > THIEBIC X 228 & b 2 EE ((&E
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The relationship between the ionospheric variation observerd by Low Frequency
Standard-time and GPS-TEC

# Kojiro Machi[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Michi Nishioka[5]; Takuya Tsugawa[5]
[1] Grad. School of Sci. and Eng., Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba
Univ.; [S] NICT

Low Frequency ( LF) radio waves are reflected in the lower ionosphere. The phases of the received LF radio wave vary witt
the length of ray path when the reflection height moves vertically. Therefore, the height variation of the ionosphere is observec
by the variation of the phase of received LF radio wave. Since the LF observation is one of the useful methods for the observatio
of the lower ionosphere, it is expected that it supplies important data for examining the lower ionosphere. This study examine:
the characteristics of the phase change of the LF Standard-time. The observation target is the standard radio wave of 60 kH
which are transmitted from Hagane-yama station. The radio waves are observed by crossed loop antenna at Sugadaira, Nag:
Prefecture.

In sunrise and sunset time, it is expected that the phase of the sky wave varies as the height of ionosphere varies. Therefo
the sky wave was separated using the polar coordinate representation of the received radio wave. The variation of the ionosphe
height was estimated from the phase variation of the sky wave.

In this study, we analyzed the height variation of the ionosphere observed by LF obserbation and detected the fluctuatio
whose frequency is about 0.4 mHz. This frequency corresponds to that of TID. Using the wavehop method by the ITR-U model
the LF wave is considered to propagate from Mt.Hagane to Sugadaira with a single reflection at the ionosphere. We examine
the TEC variation in the mid-point between Mt.Hagane and Sugadaira, and found the TEC variation with a same frequency a
the fluctuation of LF waves. Therefore, there is a relationship of ionospheric fluctuation between the lower ionosphere and the
F-region which affects the variation of GPS-TEC.

LF HreE i PR TS %, BEEREIEELIC X > TEEEEENZ(LT 2 & EROMFHEENEH L, B O%
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D, NEEME 27T % FTHER T — X 2T 5 C LM E NS, 7 T TAWNIZE T LF GBIk OMAHZ L% H
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OFEHETE T C, RERIFHER CERABEORBEDRI DN RIITH 5, AW T, EFE FHTEF&RIC Crossed Loop
Antenna’ZziRiE L, B =217 - 72,
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Variations in intensity of LF/VLF standard radio waves after volcanic eruptions

# Kei Maruyama[1]; Hiroyo Ohya[2]; Fuminori Tsuchiya[3]; Kozo Yamashita[4]; Yukihiro Takahashi[5]; Hiroyuki Nakata[6];
Toshiaki Takano[7]

[1] Electrical and Electronic, Chiba Univ.; [2] Engineering, Chiba Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.;

[4] Engineering, Ashikaga Univ.; [5] Cosmosciences, Hokkaido Univ.; [6] Grad. School of Eng., Chiba Univ.; [7] Chiba Univ.

Several studies for the F-region ionosphere associated with volcanic eruptions based on GPS-TEC data have been repor
so far (e.g., Heki, 2006; Dautermann et al., 2009; Heki et al., 2010). These studies reported that acoustic waves excited b
volcanic eruptions reached up to the F-region height, and caused F-region disturbances. However, little studies on the D-regic
ionosphere associated with volcanic eruptions have been reported. In this study, we investigate the D-region variations afte
eruptions of Sakurajima (31.59N, 130.66E) and Shin-moedake volcanos (31.91N, 130.89E), Japan, and Kelud volcano (7.93:
112.31E), Indonesia, using intensity and phase of low frequency (LF) and very low frequency (VLF) transmitter signals. The
LF and VLF propagation paths are JJY 60 kHz - Tainan (TNN, Taiwan), BPC (68.5 kHz) &amp;#8211; TNN, and NWC (19.8
kHz) &amp;#8211; Pontianak, Indonesia. The Sakurajima volcanic eruptions occurred at 04:11 UT on 6 June, 2014. Based o
wavelet spectra, the both LF intensities had a period of 3-5 minutes during 04:12-04:20 UT after the eruptions. We compared th
LF intensities with atmospheric pressure data obtained by an infrasonic meter observed by Sakurajima Volcano Research Cent
Kyoto University, and seismic waves in the NIED F-net data (FUK, STM, and SBR) located close to the Sakurajima volcano.
The atmospheric pressure had the similar period of 3-5 min during 04:18-04:42 UT. The vertical velocity of the seismic waves
had a period of 2-5 min during 04:12-04:47 UT. The similar period of the LF intensities, atmospheric pressure, and seismic wave
could be caused by acoustic resonance between the Earth surface and lower thermosphere. In the presentation, we will also sh
variations in the LF/VLF signals after the Shin-moedake and Kelud volcanic eruptions in detail.

INFE TNUENCHEAERD FREs R ICE T 20128, GPS-TECQC K % TECZH#)k & THlE TN TW3 (e.g., Heki,
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JJIY-60kHz#E T (TNN), A& (BPC-68.5kHz)-TNN X UF NWC (19.8 kHz): K> T 4 7F (LA VY KRR 7) THB,
SO, 20144E6 H 6 H 04:11 UTICHAE LTz, Wz —T7 Ly MENTOFER, 4:12-4:20UTICH ) T JIY60kHZ-TNN
B KU BPC-TNN/SAD LF I DOFREIC 3-55 DEIAR T DI & iz, 5UERZERE SR ZET S B A LiEE) & > 2 —R S
NILBERIFT DB 2 A S O ZEIRFTHC K B IR DSUTZ b, B SR ARAN LTS X 2 ILFT SRR (F-net)ic X %
HEFTO E FEREE OB T — 2 iR L7z & T A, ZEREH Tl 4:18-4:42UTIC/HT T 3-57), HUERF Tl 4:12-4:47UT
KT T 2-5 DN RSN, LF EE, MEROKEB I THERICR SNz NS OLFHIE, iR — TR
BEOEHOHBICE 23D TH LMD H 5, BETIE., FEL I T IV— MU D LFVLF FEEHER R O
ZENCOWVWTEMET 5,
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Relationship between the magnitude of Sakurajima eruptions and the disturbance of
GPS-TEC

# Kiyoto Shoji[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Takuya Tsugawa[5]; Michi Nishioka[5]
[1] Electrical and Electronic, Engineering, Chiba Univ; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.;
[4] Chiba Univ.; [5] NICT

It is reported that ionospheric disturbances are caused by ground and atmospheric perturbations, e.g. earthquakes, typhoc
and volcanic eruptions. Even though the volcanic eruptions excite the atmospheric waves, there little reports of ionospherit
disturbances caused by volcanic eruptions. Therefore, in this study, we analyzed the ionospheric disturbances caused by volcal
eruption using GPS - TEC (Total Electron Content).

We analyzed TEC data observed in GNSS Earth Observation Network (GEONET) which is maintained by Geospatial Infor-
mation Authority of Japan. In this study, we assumed that the ionospheric pierce point IPP is located at the altitude of 300 km
The 30-second TEC data used in this study is obtained in 1200 points of GEONET. The mask angle is 30 degrees. In this stud
we analyzed three events which are Sakurajima eruptions at 7:45 UT on Oct.-3-2009, 1:07 UT on Sep.-19-2012 and 20:25 U
on Dec.-9-2012. The magnitudes of the eruptions are estimated by the infrasound meter located at Higash-Korimoto.

The TEC disturbances are larger as the large, fluctuations are observed by the infrasound meter.

Itis expected that the TEC disturbance is inversely correlated with the distance from the crater as the energy of the atmospher
wave decays according to the distance from the crater. Therefore, we examined the relationship between TEC disturbances a
distance of IPP from the crater. As a result, there was an inverse correlation with the distance in one events out of three event
However, no correlation was found in the other two events. This may be due to the direction of the magnetic field and the wave
normal of the disturbance according to the GPS satellite-receiver. In order to eliminate these effect, we calculated the couplin
coefficients using the directions of the atmospheric wave from the calculational results of the acoustic ray tracing and the mag
netic field data determined by the IGRF-12 model.

An inverse correlation between TEC disturbances and the distance from the crater was appeared in two events.

From the above results, it was confirmed that when the influence of the magnetic field and the deviation peculiar to the obsel
vation method are fixed, the TEC disturbances associated with the eruptions have

inverse correlations with the distance from the crater.

HiEEREE. KN ED FEOBIGI O, RKEBINE L, Chic k> TEREER G EREcEns &N
MH5NTWS, KNI, K&KEEINE TS T EMSENTWEH, KL S FEEEEEEL OB R 6 Z
NEEZ LRV, ZTTARMIETIE. KL S EEEE O Z BT DWW T, GPS-TEC(Total Electron Contery T
T 217 - 720

AWZETIE, FELHERRE D GNSSHIKHEIHIS A 7 L. (GNSS Earth Observation Network : GEONEX)D #EH X njz 57—
R LTz, Fizo. BEEEERE A 300km & RGE Ulze EFTICH W7 —21&. GEONETDZ{E A 120051, (0
1 30 ELL LD 30MMETH %, fRHT RIS 20094 10 H 3 H 7 HKF 4543 (UT). 2012459 A 19 H 1K 743 (UT). 20124
12 A 9 H 201§ 25573 (UT) IchE THRAE LIz MUK 3HHITH 5, HADBBIIHACICBIT BRI T—21c kD
FHM U 7z

ZTNZTNOEFNCHBNT TECEFH ZHIN LIz 25, ZHRGTDIENEHMNRENZ E. TECEHMNRKEWHFIHZ
Mo Tz,

TIVF—DVKED 5 DFEEES U Tk LT < 7D EREE OZETD XK1 5 OFRE L W HHBIRERZINS L EZ BN
%, TD®, TECEF & EilimiDKOh 5 DL OMBEZRD Tz, ZORE, 3 FhIHh 1 FHITrEEE L OMFHRIRE
RiEHSNIM, 2 FHNIAHBEBEFRENA S NG M ORHEHITARONTEWELE SIS BT % FEEEE O Z B A FHEE & OiFHREY
B EANTT— 2 E7m 5T, TS TECEBNTN T R D2 & A DO & i — S RO R M & DE A
TRV LILKBEDTHELEEZOND, TNDLOFWEZNO R ZDICHEK LA FL—2 2T DT —4% L IGRF-12
ETIVE D EM U7 — 2 K 0 RE0RFH U IETT - 72,

HHIE UTe 7 — 2 D SHHBAGREUE SR T & T A, 3HHIH 2 FH T TECZTh & A1 5 DR & ORi uiAH B R D i
mENT,

DLEDOFERE D, BEGOME L BRI O T NEMIE LIGA, KUEKOBBNKE OV IZE TECEFIIZKEL &
D, H7-HEEEE VHHBRGRZRDOEE A BN S,
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Examination of ionospheric disturbances at different altitudes associated with
earthquakes using HF Doppler and GPS-TEC

# Natsuki Ono[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Ichiro Tomizawa[5]; Keisuke Hosokawa[6];
Takuya Tsugawa[7]; Michi Nishioka[7]

[1] Electrical and Electronic, Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba

Univ.; [5] SSRE, Univ. Electro-Comm.; [6] UEC; [7] NICT

Many studies have reported that ionospheric disturbances occur after giant earthquakes. One of the causes is the infrasoL
wave excited by ground motions.The infrasound wave can produce perturbations of electron density in the ionosphere. Suc
perturbations were detected by a network of ground-based GPS receivers. The TEC perturbations shown in GPS-TEC those
horizontally propagation in ionosphere from the epicenter. However, characteristics of vertical propagation of infrasound were

rarely reported.

In this study, the coseismic ionospheric disturbances in the different altitudes are examined using HF Doppler and GPS-TEC
The HF Doppler sounding system is operated by the University of Electro-Communications and enable to observe the vertica

speed of the ionosphere in the different altitudes.

We analyzed earthquakes whose magnitudes are larger than M 6.5 occurred in Japan since 2003. In the 2011 Tohoku earthqui
(M 9.0), Sugadaira and Kiso observatories fluctuations in the Doppler shift with a period of 3 to 4 minutes in 8.006, 9.595 MHz.
We confirmed these fluctuations due to the earthquake by using the ground velocity data observed by the seismograph around

HFD observation point.

Among the earthquakes, only in one case the Doppler shift fluctuation with the period of 3 to 4 minutes has been confirmed

We will report the results for further analysis.

Z L DOWIFRIC K D, KB HIEEORERICEMBEIC B O TEIDET 2 2 EHREIN TS, THhud, HmEHP
I K O R Ul B KA E D EEEE L Tl 5720 Th%. HERERDOBREE T T ORI MO
PICDWTIE, GPSEIZ EZAVWTHLMNMCENDDH S D, SHiE FHDEMERZ 720132  av. BEUEEKED
HEd 5 HF Ky 75— (HFD) TlX, ¥/&x%:%4E 4K (5.006 6.055 8.006 9.595 MHz)DEH 7z % T & THEX
DEGETOEFZBRT S ENRETH 5. [HLHIFERTD GNSSHiIFEIHI > X 7 L. (GNSS Earth Observation Network

: GEONET)IC X D EH E NS GPS-TECOT—X L Abv T, HZEICHES BEEEELLOZEIC OV TEE T ROZLIC
EE L, i ziTo Iz,

20034FLAR#IC EIZIK&‘IJ%LLTt%h M6.5 L EDMEZ IS L Uit Z211o7- & T4, 20114 3 H 11 HICHE
U7z M9.0 DHEH T ACEEMHIERIC BN T, B, KEZEMOWT—% (8.006 9.595 MHz)IZ K 3~4 77D K
TI5—2 7 FOEFNERI Nz, HE’FLKEE(E'JT*—’}’ & HFD BHAE M OMERHT X 0 B E N2 B
T—=2ZMN5, TNOEMEBICKZEHTHS 2R L.

TSR & LIEDO R T K 3~4 0D Ky 75— 7 FOEMBHREINIZDI L FHI7ZTHE. TOEH
IZDWT, fDZ{EHD HFD 7—% & GPS-TECT — X ZHWW T LK « i 21T TH D, HETIERZOMERICDONT
WMETHTETHS.
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Statistical analysis of ionospheric and atmospheric disturbances associated with
typhoons using HFD and a microbarometer

# Ryuichi Mashiko[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Ichiro Tomizawa[5]; Keisuke Hosokawa[6];
Hiromichi Nagao[7]
[1] Grad. School of Sci. Eng., Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba
Univ.; [5] SSRE, Univ. Electro-Comm.; [6] UEC; [7] ISM

Itis reported that ionospheric disturbances due to the effects of the lower atmosphere are excited. Although the extreme clima
phenomena, such as typhoons and tornados, also excites the ionospheric disturbances, the studies of these kind disturbance:
very few. In this study, therefore, we have examined ionospheric and atmospheric variations associated with typhoons using H
doppler sounding system (HFD), which is maintained by the University of Electro-Communications, microbarometers located at
Sugadaira, Nagano Prefecture and Numata, Gunma Prefecture, and reanalysis data (JRA-55) provided by Japan Meteorologi
Agency. This study utilizes HFD data where HF wave transmitted from Chofu Campus is received at Sugadaira observatory.

It is found that spectral intensities of the disturbances both of HFD data and microbarometer data at frequency from 15 mH:
to 45 mHz were enhanced in 5 of 8 events where typhoons come closer to Japan. Those 5 typhoons approached the observat
point more than 250 km.

These ionospheric disturbances were caused by the acoustic mode of internal gravity wave in association with typhoons. Tt
acoustic mode of internal gravity wave propagates vertically, and thus spectral intensity were enhanced when the typhoons we
close to the observation point. In some typhoons which were close to the observation point, however, ionospheric disturbance
were not observed. In order to reveal the cause of this phenomenon, we make analyses of wind velocity of the reanalysis dat
As a result, it was found that the vertical neutral winds influence the propagations of the internal gravity wave.

TR S OFEIC X O EHMBEZFHNRET S EPMEINTED, SEAPEEFOWMLVWASRHSICHBNT
& BEERTILORENMERIN TS, L L, INBICHET IR RET D TR AN Eh S, AT, G

Wk S BEEEZ D KKIRENC DWW T 21T > 72, W7 —&iF, BXOBEKRZOEET S HF Kv 75— (HFD)
BT — &, EYLEEICRE S NIHETER, ST X 5EBTT—%2 (JRA-55 TH%. HFDICDWTIZERK
A v R AK D ERZEE L HEREREZE VIS TRE LT —2Z2ZH0 T3,

20044E) B 2016EDRNTHA LT A LicBREOMHD S, Ffi—E FhR AAhTcEEL Lz b 0 19& 5% e L
HFD 7 — 2 Dftfi 11> 1. £z, 2012405 2016EF T 8fHDERIC BV CIIMAITEET— 2 L Dl Efr- 7.
ZTNZFNOEBICEBWT HFD, MAFEFT—ZRIC FFT 2L, A7 MUSEDKEIT> 2. ZOF%E, HFD &
SUEFTO T —ZITHB T 15 - 45 mHzOHH THBESEIT N ART MVEEDN FH T2 EAHL MR- Tz KTz,
8l 5HDEAT HFD L WEERT, MTDT—RICBONTEERH LN, AT FIViED FRDHERE NT-.

BEBSLIC N 15 - 45 mHzOFRE T HFD O AT MVRED FRADMHER S NI, ThidaEIc X O Esa LN
HRE T DF T — ROVEEEICRET % C L TEFMKETCVE EEZISNS. £, HFD EMAEFH DI DN
T, BT 250 km& © &858 LTz B RIS B W THUCEHIN R 5N, THUINERE I OE I T— RIEShETmic
LT %720 TH 5. ZlE, WHE UEROHITIZBIHIAIC 250 kmE D L LTIZICE D ST HF Ry IS5 —Ic %
FHAHNTOEVWEDEIFEELE. FT TEHOERICOWTHINTT— 2 GhEMEE T — %) ZHW TN ZiT-o 7.
ZORER, HF R 7o —M&IERE, EB5D0T7—2 T LM Nz 2 O0EMTIXES 5 EhE ErEo|h
BELTWAZ bt T, WMEETOZEMH U THF Ry FS—ThE oM kEL Eh->HRICBV
THE FAEOREIEC > Tz, b XD NEENIEOEHRICIEPERO F T AROEBEDEEL TS EEZ
5N%.



R005-P19 215 Poster B¥RY: 11 8 25H

Free oscillations of the earth observed by HF Doppler sounding

# Hiroyuki Nakata[1]; Keisuke Hosokawa[2]; Ichiro Tomizawa[3]
[1] Grad. School of Eng., Chiba Univ.; [2] UEC; [3] SSRE, Univ. Electro-Comm.

Any elastic bodies support standing waves known as free oscillation or normal mode. The frequencies of the excited mode ¢
these oscillation is less than 20 mHz since the oscillations are usually low orders of the eigen oscillation. The atmosphere als
has resonant oscillations with similar frequencies. Therefore, there are normal modes in the combined system of the solid eart
The upper boundary of the normal modes is considered to be located at the upper ionosphere, as several hundreds km abc
the ground. This means that the a certain ionospheric sounding system can observe this normal modes. In fact, associated w
some large impact events, such as the massive earthquakes, volcanic eruptions, the ionospheric disturbances whose frequen
are about several mHz have been observed. Since the earth shows this free oscillation due to various sources of seismic sour
but the atmospheric and tidal sources, ionospheric disturbances with a coupled frequencies can be observed in the quiet days
the ionosphere. In this study, therefore, the ionospheric disturbances with frequencies of the coupled oscillation are examine
using HFD ionospheric sounding system. The merit of the HFD sounding system used in this study is to obtain the ionospheri
disturbances at up to four different altitudes. Selecting geomagnetically quiet days, the spectrum of the ionospheric disturbance
in these quiet days are determined. In the presentation, we will report the result of the intensity of the coupled mode oscillation.
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Analysis of VLF band waves observed by S-310-44 Sounding Rocket

# Ryuichiro Nakamura[1]; Taketoshi Miyake[1]; Keigo Ishisaka[2]; Takumi Abe[3]; Atsushi Kumamoto[4]; Makoto Tanaka[5]
[1] Toyama Pref. Univ.; [2] Toyama Pref. Univ.; [3] ISAS/JAXA,; [4] Dept. Geophys, Tohoku Univ.; [5] Tokai Univ.

The Sq current system, which occurs in the lower ionosphere in the winter daytime, causes the specific plasma phenomer
such as electron heating and strong electron density disturbance. S-310-44 sounding rocket experiment was carried out to t
special phenomena near the Sq current focus, at 12:00 JST on January 15th, 2016. The rocket passed through the Sq curr
focus, and all the scientific instruments onboard the rocket worked successfully. In this experiment, the Electric Field Detectol
(EFD) observed the VLF band AC electric fields up to 6.4 kHz in the altitude from 100km to 160km. We made the altitude
profile of the electric field spectra, and found clear VLF band waves with the frequencies from 2kHz to 3kHz at the altitude about
100km. These VLF waves are observed during only the rocket ascent. The Fast Langmuir Probe (FLP) observed that the electr
temperature increase about 150K larger than the background in this region, and the frequency variation of the VLF band wave
shows good correlation with the electron temperature.

According to the polarization analyses, the electric fields of the VLF band waves are almost perpendicular to the magnetic
field. The frequency range of this VLF band waves is consistent with the ion cyclotron frequency. These results suggest tha
the VLF band waves observed in this experiment are one of the ion cyclotron harmonic waves whose frequencies vary with th
temperature ratio of the electron and the i@re(Ti).

In addition, we are going to investigate further the VLF waves observed by the rocket experiment, and clarify the observation
parameters and generation mechanism of these VLF waves, in order to clarify the heating mechanism of the electrons near tl
Sq current focus.

RO EGEPE NEEE CTHRAT S SqEIRIE, BNV E FREEIL e Vo R R AB IS 25 [ & 9. SqFE
bm@t&uﬁﬁftg 5TNSDHBED AN X LERIAT 5728, S-310-445KHIa 4w RAY 20164 1 H 15H 12
Kf 007> (OST IfIb EFoniz. sy ME SqgERRAOZIEA L, B N8ITSN TIEFICEEL 2.
BIGENZEE (EFD) 135 100kmbh 5 160kmIc/» ) T 6400HzE TD VLF BRI Lz, BHRAXRYT ML
DEEMED D, FREEOHEE 100km 1T T 2~3kHz DJEREEF D AT MViREDEL 72> T D, VLF Grik#hn
BNz, Fie, @S VT Ia—=77a—7 (FLP) OBREERD S, & FHREDEE 100km I T 150K 1 &
FLTHO, EAmELFE VLF fiE O BB kI B HBED R S N .

7z, WEAEHTORRN S, BT N7z VLF FRENIREGICH L TIZIEEETH O, HEEEN A4 01 7a ko
VIEWEEE B U, TS OFTEERD S, TOWINIE FREE A A IREOL (TelTi) I X > TREBDZELT 3
AF A ubayEiliE THLSREENEZBNS.

EIHICRELWENT 21T T & T, a4y MEBRTEIIE NIz VLF BB ORESZMEDREA X L2 EMTL,

SQEIRRHOMBEICRA T % mildE s OFAE A 1 = X LOfRIRZ Higd.
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DC Electric Field Measurements in Sg Current by S-310-44 Sounding Rocket

# Toshiki Mori[1]; Keigo Ishisaka[2]; Takumi Abe[3]; Makoto Tanaka[4]; Atsushi Kumamoto[5]
[1] Toyama Pref Univ.; [2] Toyama Pref. Univ.; [3] ISAS/JAXA; [4] Tokai Univ.; [5] Dept. Geophys, Tohoku Univ.

The region called Sq current occurs in the lower ionosphere at altitude of about 100km in the winter daytime. The Sq current
focus is appeared the specific plasma phenomenon such as electron heating, strong electron density disturbance. The phys
guantity for the investigation of the specific phenomenon was observed by S-310-44 sounding rocket launched in January 201
The attitude data which we need to analyze electric field was changed. Therefore, we analyze DC electric field data observed t
S-310-44 sounding rocket, again.

The rocket passes through the magnetic field, so it observes the induced electric field (v x B). Therefore, the observed electr
field includes the DC electric field in the ambient plasma and the v x B electric field, so it is necessary to subtract the v x B
electric field. Accordingly, the v x B electric field was calculated using the rocket attitude data, magnetic field data and so on. In
addition, we converted the v x B electric field from the geographical coordinate system to the spin coordinate system using the
spin component, and subtracted the v x B electric field of the spin coordinate system from the observation data. Furthermore, w
removed the spin component from the subtracted data, and we removed pulse noise by photoemission using the moving avera
Then, we derived the DC electric field vector in the ionosphere.

In this report, we will explain about DC electric field analyzed anew and the relationship between the high temperature regior
observed in this experiment and plasma waves during the rocket ascent.

BRSO T EE 100km{HE O BEERE T TlE SqQEIR XN S MEEDFAE L, ZFOH OIS IEE I,
RWNVEFBEELISEORERL TS ARSI E U T3, 20164 1 AICH B FiF 5Nz S-310-445BIHIa 7 v Ricds
W, FFEREROMIHD Iz O Lz 2 ENBHIE Nz, S, a2y SOBEGRNT7Z1T 5 L ToE & ix 3 R8T —
ZMEIEE NIzTz8, R T S-310-445 8B v s DELOMRI 2175,

0y SOVBING 2ESE,. BIRES & 0y MO 2 U BRIC A U S8 B OB RER Th b, TDD,
HARELZ RO B 1=012iE, BT —2e07 Yy SOREHED SFEELOMEZEHT %, Z LT, iAEE 2
PEREZRIN D AV EERICEES B =0, 7T OMAE, alry MM, aly MRIEA. FATZHOWTAE Y
(T T Kk, BLZOBRED S AV EEEROFEELZIRE T 2 Z L THREL Z KD 5, ROTZHR
BN E A VDI OERE., HEFHREIC XS0V A A XD RL 2 OB#EFEE{TS, TS DOFED,
5. HPEEIER TOEHE N O DCEHONRY MV REHT %,

AR TIEHTZHENT LTz DCEBIBICOWTEHA L, vy y b EREFICBINE Nz R EEE N O 7D X< ig#) & D
BRICDWTERAT %,
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Locality of geomagnetic Sq field of each element and its seasonal variation0000

# Masahiko Takeda[1]
[1] Data Analysis Center for Geomagnetism and Space Magnetism, Kyoto Univ.

Geomagnetic Sq field in the Y and Z components were examined for some regions in the world. It was found that seasone

variation of Sq field at an observatory may be different for each element, and a peculiar seasonal variation pattern exists in th
East Pacific region More detailed features of the variations will be discussed in the presentation.

THSRE Mk C DA Sq b D2 7% B NS JNZ OZFFIZ L O 2 X7z, [A CBIIFTTS Y g & Z oy

ETREBHZLITHZDHENR SN, Tz, BOUCEEHIB TEREEILm R E £ ZNZFNDE DD D IR
N3 LWV IERIENEZELE RnTZE 5,

FREHTIE, BT DV T ORUSRHE L UT 2L & OBIEZ EICDOWT Lk s 2 TE TH %,
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Comparison of Observation and Theoretical lonograms using the International
Reference lonosphere

# Tetsuo Fukami[1]; Isamu Nagano[2]; Ryoichi Higashi[1]
[1] NIT Ishikawa Col.; [2] Kanazawa Univ.

lonograms are effective data to know the lower ionospheric conditions. The ionogram is made by pulse waves of the ionosond
and shows frequency characteristics for delay tifeom transmitted time to received time by the same antenna after travelling
in the ionosphere. So, the ionograms have information of both apparent heights and reflection coefficients on observation fre
guencies. The apparent heidtitis c7/2 wherec is light speed, and is not the actual reflection height. The theoretical delay time
is calculated by the ionospheric condition. We suggest a method that estimate the delay time from the electron density profil
and the collision profile by the full wave calculation [1]. Our method can simultaneously obtain the reflection coefficients. We
checked the availability of our method from the simultaneous experiment of the rocket and the ionogram at Kagoshima Spac
Center [2].

On the other hand, The International Reference lonosphere (IRI-2016) can give the electron density profile at latitude, longi
tude and time [3]. And we can input special parameterf®bf foF2 and the sun spot number.

We investigate difference between measured and theoretical ionogram at the Kokubuniji site. Figure show the observed ionc
gram at 6:00UT in 1917/05/20 [4]. In this ionogram, the Es layer did not appear. For the theoretical ionogram, we obtained the
electron density profile of IRI-2016 faibE = 3.0 MHz, foF2 = 6.7 MHz of this ionogram, and used the collision frequency
profile of reference [5]. In this figure, we show the theoretical apparent heights for both the ordinary (O) and the extraordinary
(X) waves. The theoretical h’ values of the E and F2 layer is nearly agreement with the observed h'’ values, but the theoretical h
values of the F1 layer is not agreement.

[1] Fukami, T., I. Nagano and J. MacDougall: Proc. of ISAP 1996, 685-688 (1996).

[2] Fukami, T., I. Nagano and R. Higashi: PIERS 2018 in Toyama, 4P0, p2060 (2018).

[3] https://lccmc.gsfc.nasa.gov/modelweb/models/iri20itéo.php

[4] http://wdc.nict.go.jp/ISDJ/ionospheric-signal.html

[5] Mambo, M., I. Nagano, T. Fukami and Y. Kagawa: IEEE Trans. on A&P, AP-34, 10, pp.1214-1222 (1986).

AF /77L&, THEMEZERENT2ANEERNTHD, (/7 I L3, FABEEEORMIES (h') &R
REZIE LIEXNTH %, FAE, BTHED & EEREBOM 25 Z U full wave it EEZ W TREM IS (h') %2
B SR RIE IR R LI (1], T LT, TOEMEZ A4/ 75 L’y M X3RRI THED DT [2].

HERIEEANTES, 127ZL, IRIETIVICIE, EsEZERW,

BLiE, TEHCAETHZERE O BRI T > TOWBEDFOAX /) 75 L[4 2> THET %, SRlE, KR
L7 EsfEW X Z S5 TH5 191745 H 20 H 15:00L.TDA A/ 75 LW, BbA A/ 75 Lwfsb iz, B1E
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Reassessment of SuperDARN near range echoes in SENSU data

# Akira Sessai Yukimatu[1]
[1] NIPR/SOKENDAI

SuperDARN is a powerful and unique tool primarily contributed to space weather research by providing global (polar and
mid-latitude) ionospheric plasma convection and electric field potential map in high temporal resolution of “1-2 min in quasi
real time with its global coverage of international HF radars’ FOVs. It also contributes to vertical coupling of ionised and
neutral atmosphere in middle and upper atmosphere by observing TIDs (traveling ionospheric disturbances), neutral winds, ar
PMSE/PMWE etc in MLT (mesosphere and lower thermosphere) or MTI (mesosphere, thermosphere and ionosphere) regions

SuperDARN near range echoes are the important targets especially for lower altitude echoes like those in D and E regions ar
those in MLT region. As typical range resolution of SuperDARN radars is rather coarse and HF ray paths bend in ionosphere
obtaining precise height/altitude information is key to understand the physics in the region correctly.

These years SuperDARN community tried to improve and re-establish the method of interferometer calibration (in several
ways). Some radars have also started to try higher range resolution using imaging (SDI/FDI) and pulse coding technique etc.

We here try to re-calibrate the interferometer and elevation angles in our Antarctic Syowa SuperDARN SENSU radar data an
to reassess the height information of the near range echoes.

Some recent papers related to this issue proposed near range echoes in summer midday obtained in Canadian SuperDAI
radars data seems not from mesopause region altitude but from slightly higher altitude so those echoes might not be PMSE
Results of reassessment of near range echoes in Syowa SENSU radars and origins of the echoes will be shown and discussec
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An analysis of variations of the mesospheric column of nitric oxide observed with a
millimeter-wave spectral radiometer at Syowa

# Tomoo Nagahama[1]; Akira Mizuno[1]; Taku Nakajima[1]; Hirofumi Ohyama[1]; Yasusuke Kojima[1]; Mitsumu K. Ejiri[2];
Yoshihiro Tomikawa[2]; Masaki Tsutsumi[2]; Takuji Nakamura[2]; Kaoru Sato[3]
[1] ISEE, Nagoya Univ.; [2] NIPR; [3] Graduate School of Science, Univ. of Tokyo

Since 2011, the ISEE and NIPR started a joint research project on monitoring the composition changes in mesosphere and low
thermosphere (MLT) by using a millimeter-wave spectroscopy technique, and installed a millimeter-wave spectral radiometel
operated in 250 GHz band at Syowa station in Antarctica (69S, 40E) for measuring the emission spectrum of nitric oxide (NO)
in January 2012. The partial column of NO ranging from 75 to 100 km in altitude is retrieved from the observed emission
spectrum. The mesospheric chemical composition largely varies caused by environmental changes of the earth inside and outsi
Enhancement of NQand HQ, and consequence ozone depletion in the polar mesospheric region caused by precipitating the
energetic particles such as a solar proton and an electron were reported. From the dataset observed with the radiometer
more than 6 years, we detect that the NO column amount shows the maximum in winter and sporadic enhancement of the N
column amount. Especially in case of 2016 fall, the NO column increased 3-4 times larger than the monthly average. In the
presentation, we report the features of temporal variations of the observed NO column amount and the detail comparison wit
physical properties of precipitating high energy electrons, especially from the radiation belt.

St BRI BRERE 2P & ENT M 22T 1 2011450 5 M A U T rg i AL 250 GHzAw & & it 5837
1EH 7 O T2/ N 2 ) SO o0 Y BAE I % 3R 1E L. 20124E 1 H & © HhRi[E « REsEEo—gbaEs (NO) 5 i
EINBAXRT MIVOBIZIT> TWVWb, O KSR FBUERGREEEDNE W T &b b HIERN A DEREIZE) 0D
B ZFRT L, I HICHIERDRIGREEIC X D, KEAEENCEIN I 2 M8 U 7z @ 3 )V F— R IR - Tl
B EZICBE D IAF, FHUT K o THIRERS FHBEEFERG E DA F 20 FRISICEK D NO, *° HO, D& ZHhicff:
3 F YV VIR EDKRKHBRZE#H T2 5T T RGN T WS, BllXNIZAXRY RV S 1 HLLUFORRE fiR
RECEE 7505 105 kmD NO 15 LEEST VWS, TNE TICIA DS L KR Z & ds 6 fERILL ED I U ik
BT —2Ic X, BIKPEEO NO /15 LEBOFHEILITULZ SN T 5 HRWATRITH KT 20, ZDELLH
BRENT Db oTz, Fiz 2015-2016F I IE KRGS & Bd U 7= BOHERFLE O JF MR NO /1 5 Laiish A =i
RNz, FRc, 20168 AN S 10 HICMI T, NO AT LENHEEEEL D 3-451ICHINT 24 X2 M AR H &
Nize NOHTLEORHEARY FTlE, INETICHITRIVF—ETOKRDIAAE OB ERENTED WA,
Isono etal. 2014 TNEDANY MIBWTEBIXIIVF—EFEBTFEORENRH I Nz, BRTIENITES N
NO /1 7 LEDZEHIZ(L & 2 A NV M RN RZF ORI & Z N5 L BT 3 IVF—B T DD T H L OBHED
A Z RS9 %,
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Development of a millimeter-wave spectrometer for simultaneous observation of multi
middle atmospheric molecules in Syowa station

# Hiroyuki lwata[1]; Takahiko Kosegaki[1]; Koki Satani[2]; Kohei Haratani[1]; Taku Nakajima[3]; Tomoo Nagahama[3]; Akira
Mizuno[3]; Kaoru Sato[4]; Masaki Tsutsumi[5]; Issei Watanabe[6]
[1] Electrics, Nagoya Univ.; [2] Particle Astrophysics, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] Graduate School of Science,
Univ. of Tokyo; [5] NIPR; [6] NICT

Atmospheric environment on the Earth is changed by various factors. For example, in the polar regions, when energeti
particles precipitate into the atmosphere during solar proton events or geomagnetic storms, nitrogen oxipes(fd@se, and
the NOx destroys ozone through catalytic reaction. On the other hand, the i@hoto-dissociated by solar UV radiation,
and then the ozone depletion does not proceed further. But if thg @ansported downward, UV is absorbed in the upper
atmosphere, and that prolongs the photochemical lifetime of Nf@d keeps destroying ozone for a long time. Moreover,
ultraviolet ray has a direct impact not only on NCbut also on generation and destruction of ozone. As mentioned above,
atmospheric compositions are intricately changed by various physical and chemical factors. That is why we are monitoring
atmospheric molecules at Syowa station, Antarctica in order to understand that the change of atmospheric composition can |
dominantly caused on what condition by what physical or chemical interaction.

We are using millimeter-wave spectroscopy for monitoring. By this technique, the abundance of and vertical distribution of
atmospheric molecules can be derived by receiving and dispersing millimeter-wave spectrum, radiated by themselves because
rotation transition. In our conventional millimeter-wave spectrometer, the observation frequency band is only 1 GHz, so we have
observed @(237.146 GHz) and NO(250.796 GHz) by switching frequency. As described above, however, these two molecules
are important on understanding change of atmospheric composition by energetic particle precipitation and atmospheric molecul
are intricately interacting. That is why we are developing a new millimeter-wave spectrometer, which can observe five molecules
including CO, NQ, HO, in addition to Q and NO at the same time, in Syowa station since 2019.

In achieve that, we have been developing (1) frequency-independent beam transmission optical system which can efficientl
collect signals from atmospheric molecules over broad frequency band, (2) a multiplexer which can distribute signals from optica
system depending on observation frequency and lead to each detector and (3) Intermediate Frequency(IF) system which can le
signal from detectors to back-end digital Fourier transform spectrometer. As for (1), we designed the optical system which
aperture efficiency is 39.3(+-)1.7 % between 179-254 GHz, 71 GHz-band, by using beam transmission simulator(GRASP). A
for (2), we designed and produced the multiplexer which can distribute signal from 179-254 GHz to four channels by using
electromagnetic simulator(HFSS). And we checked frequency dependency almost same as designed by using vector netwa
analyzer in National Institute of Information and Communication Technology(NICT) (though we also checked 1-2 dB of insertion
loss in the lowest frequency band). As for (3), we designed the circuit which can obtain five molecules spectrum at the same tim
by distributing 2 GHz band of new digital Fourier transform spectrometer to three IF bands. Now we are assembling component
we have developed as an equipment and assessing phased performance.

In this presentation, we will report the details of development of this new millimeter-wave spectrometer, assembly condition
at this time, results of performance assessment and so on.
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Observation of stratospheric ozone with a millimeter-wave radiometer in Rio Gallegos,
Argentina

# Hironori Seki[1]; Akira Mizuno[1]; Tomoo Nagahama[1]; Taku Nakajima[1]; Hirofumi Ohyama[1]
[1] ISEE, Nagoya Univ.

http://skx1.stelab.nagoya-u.ac.jp/

Argentine Rio Gallegos (51.6 S, 69.3 W) is located at the southernmost tip of South American Continent and is located near th
boundary area of the ozone hole which occurs in the sky over Antarctica. Therefore, the city is often inside ozone hole in wintel
to early spring season. As ultraviolet flux at the surface increases, the ozone hole has become a serious risk of environment
problems closely related to life for residents living in this region. For these reasons, our research group has been working togeth
with collaborators in Argentina and Chile as parts of the international science and technology cooperation project (SATREPS
to solve to global environmental problems in the southernmost region of South America as the &quot;blank area&quot; of the
earth observation network since 2013. We have been developing and operating the monitoring system of stratospheric ozor
aerosols and ultraviolet rays to construct communicating information systems about atmospheric data to domestic and foreig
country.Continuous monitoring of stratospheric ozone with a ground-based millimeter wave spectrometer aims to investigate
vertical distribution of ozone and to detect its long-term and short-term variations. We observe an emission spectrum of ozone ¢
110.83 GHz. A heterodyne receiver with a superconducting mixer element (SIS) is used for millimeter wave detection with the
radiometer. A receiver noise temperature Trx is estimated at 200 K in double side band (DSB). A digital FFT spectrometer is
used for the radio wave spectrometer. Its frequency resolution is 70 kHz and the band width is 1 GHz. In the observation, thre
directions of the sky cold, blackbody, and cold blackbody cooled by liquid nitrogen are observed every 2 minutes, respectively.
to calibrate a spectral intensity. The ozone emission spectrum is acquired every 7 minutes. We derive the vertical distributiot
of ozone by using a retrieval method from the observed ozone spectrum. In the retrieval, we use the temperature and presst
data taken from MERRA 2 reanalysis data, spectral parameters of molecules from HITARAN 2008 database, and climatologica
ozone distributions over Rio Gallegos with Aura / MLS ozone data as an initial estimate of the ozone distribution. For the
retrieval, we use the Levenberg marquardt method for retrieval, and we obtain the vertical distributions from altitude 20 to 60
km from the observed spectra averaged every hour.As results from 2015, we detected sharp decreases of the stratospheric 0z
mixing ratio from September to October, when the ozone hole occurs near the upper stratosphere, indicating the observation si
is inside the ozone hole. In the presentation, we report the observation details and characteristics of ozone variations observ
since 2013.
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Feasibility study for artificial aurora experiments at the EISACT Tromso site

# Takuo Tsuda[1]; Michael Rietveld[2]; Michael J. Kosch[3]; Shin-ichiro Oyama[4]; Keisuke Hosokawa[1]; Satonori
Nozawa[5]; Tetsuya Kawabata[5]; Akira Mizuno[5]; Yasunobu Ogawa[6]
[1] UEC; [2] EISCAT; [3] SANSA,; [4] ISEE, Nagoya Univ.; [5] ISEE, Nagoya Univ.; [6] NIPR

We report a brief survey on conditions for artificial aurora optical experimerfgaygion heating with O-mode at the EISCAT
Tromso site using dynasonde data from 2000 to 2017. The results obtained in our survey indicate the following: The possible
conditions for conducting artificial aurora experiments are concentrated in twilight hours in both evening and morning, comparec
with late-night hours; the possible conditions appear in fall, winter, and spring, while there is no chance in summer, and the
month-to-month variation among fall, winter, and spring is not clear. The year-to-year variation is well correlated with the
solar cycle, and experiments during the solar minimum would be almost hopeless. These findings are useful for planning futur
artificial aurora optical experiments.
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A ground-based observation of imaging spectrum in near infrared wavelength (1.0-1.6
microns) at Syowa Station

# Takanori Nishiyama[1]; Makoto Taguchi[2]; Hidehiko Suzuki[3]; Takeshi Sakanoi[4]
[1] NIPR; [2] Rikkyo Univ.; [3] Meiji univ.; [4] Grad. School of Science, Tohoku Univ.

The motivation of this study is further understanding of dayside magnetosphere and terrestrial atmosphere coupling systel
by using continuous observation with high temporal and spatial resolutions. Dayside aurora, polar patch, and airglow should b
key phenomena for the understanding. In particular, those phenomena in near infrared (NIR) wavelength are crucially importar
because lower background sky luminosity by Rayleigh scattering may allow us to conduct ground-based optical observatiol
even in dayside. Continuous dayside optical monitoring in aurora region and cusp give us a clue to understanding of substort
pre-onset sequences at cusp region, magnetopause dynamics related to solar wind shocks, and wave-particle interactions du
electromagnetic ion cyclotron waves and whistler mode chorus. However, NIR aurora has a total lack of its spectral informatior
with enough resolution to make a feasibility study in comparison to that in visible wavelength.

We designed a narrow field spectrometer with medium-high spectral resolution that mainly consists of Czerny-Turner type
imaging spectrometer (HORIBA, iHR320) with one entry port and two exit ports. This spectrometer has two mirrors and three
diffractive gratings in a rotating turret. A toroidal mirror for collimating corrects for astigmatism so that the tangential (resolution
optimized) and sagittal (imaging optimized) focal planes cross at the center of the focal plane. Another larger focus mirror allows
the entire flat field to be used without vignetting. Collecting optics, equipped outside the spectrometer, are a gold coated off-axi
parabolic mirror and a NIR longpass filter for removal of secondary diffracted light in visible wavelength. Two detectors for two
exit ports are NIR-photomultiplier tube (PMT) module with thermoelectric (TE) cooling system (Hamamatsu, H10330C-75) and
InGaAs camera with 640 x 512 pixels and TE cooling in 4 stages (Photon etc., ZephIR 1.7). NIR-PMT module in combination
with an exit slit measures precisely individual emission spectrum with high resolution of 0.006 nm. On the other hand, InGaAs
camera covers wider spectral ranges (200 nm, 45 nm, 25 nm) and medium spectral resolutions (0.31 nm, 0.070 nm, 0.038 nr
depending on the three gratings (150 gr/mm, 600 gr/mm, 900 gr/mm). The two detectors cannot be operated simultaneously b
can be easily switched by a software.

We started ground-based spectroscopic observation in NIR wavelength ranging from 1.0 to 1.6 microns, which covers aurore
emissions in N 1st Positive (1.2 microns) and;N Meinel (1.1 and 1.5 micronsypnes1974; Zhou et al, 2007], at Syowa
Station (69.0S, 39.6E) in Antarctica from March 2018. In this presentation, we are going to report initial results based on one
year observation.
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Na lidar in the EISCAT radar site: future upgrades

# Takuya Kawahara[1]; Satonori Nozawa[2]; Norihito Saito[3]; Takuo Tsuda[4]; Satoshi Wada[3]; Toru Takahashi[5]; Tetsuya
Kawabata[2]
[1] Faculty of Engineering, Shinshu University; [2] ISEE, Nagoya Univ.; [3] ASI, RIKEN; [4] UEC; [5] NIPR

An Nd:YAG laser-based sodium temperature/wind lidar was developed for the measurement of the northern polar mesosphe
and lower thermosphere at Tromso (69.6N, 19.2E), Norway. The highly stable laser system is first of its kind to operate virtually
maintenance-free during the observation season (from late September to March) since 2010. The lidar data is currently importa
and is going to be getting more important if the EISC3ID project starts or if we join the joint project of the Whole Atmosphere
Community Climate Model (WACCM). In this talk, we summarize our current status and the future prospect of the lidar.

R/ NV r—- Ly (69 ICfiEd % EISCAT L—X—Y A MIRELEF MDD LRE - BT A4 X —
TR OB Z MG L TV 5, 2010FICBIIIZRIB L TH D, IZIEA YT ATV —OUEH BB Z ki L T E 7z,
S50 EISCAT.3D FHEi, kD K& DA% T 7 /L Whole Atmosphere Community Climate Model (WACCMY®D
PEE T — 2 ORI 2T, KOEBEESHE LU TR H %, AREKTIET A X—AKDIRT +—< 2 A2 KR
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Relationship between the By component of Interplanetary Magnetic Field and
occurrence of polar cap patches

# Michitaro Nagata[1]; Keisuke Hosokawa[1]; Kazuo Shiokawa[2]; Yuichi Otsuka[2]
[1] UEC,; [2] ISEE, Nagoya Univ.

Polar cap patches are regions of high density plasma in the polar cap F region ionosphere. The electron density within patch
is known to be 2 to 10 times higher than that in the surrounding region. It has been suggested that patches are produced |
long distance transportation of high-density plasma from the dayside sunlit area towards the dark central polar cap region by th
anti-sunward convection during negative Bz conditions. Polar cap patches have been observed in many places in the polar ce
In the past, however, most of the observation stations were located at magnetic latitudes around 80 degrees (e.g., Resolute Bay
Canada and Longyearbyen in Norway). Thus, continuous observations at a fixed point in the magnetic coordinate system ha
not yet been done due to the rotation of the Earth. This has made it difficult to follow the statistical characteristics of patches
especially seasonal and UT dependence of their occurrence. In this study, we statistically investigate the occurrence distributic
of polar cap patches by using data from a station near the magnetic pole and clarify the factors controlling the generation o
patches.

We have used 630.0 nm all-sky images from Eureka, Canada (80.0 N, 85.9 W, 87.7 MLAT) for almost three winter seasons
from 2015 to 2017. The amount of data used is 85 days in 2015, 108 days in 2016 and 47 days in 2017, respectively. W
automatically identified the appearance of patches from a time-series of the optical intensity at zenith and made a list of patche
Then, we manually checked all the patches in the list and discarded other phenomena such as polar cap aurorae which have b
miss-identified by the automated detection. By using this list of patches, we analyzed how the occurrence of patches depen
on UT, season, and IMF. As a result of the statistics, generation of patches is dominated not only by the Bz component of IMF
but also season, UT and IMF By. In particular, we found that polar cap patches were observed more often when the IMF By
was positive, which has not suggested in the previous studies. In actual, the occurrence of patches was 3 times higher durir
positive IMF By periods. That means more patches should be observed during intervals of away sector of the IMF (IMF By is
positive and Bx is negative in the away sector). To interpret this result, first we suspected a bias in the occurrence of towar
and away sectors. However, there was not such a difference during the period of statistical analysis. We also tried to explain tr
result by the so-called Russell-McPherron effect by comparing the distribution of the polar cap patches in autumn and spring
But, the bias due to the Russell-McPherron effect was not clear. Therefore, at this stage, we speculate that the shape of po
cap convection pattern is favorable for capturing and transporting dense plasma in the duskside sunlit region during the positiv
IMF By intervals. To evaluate this scenario, we visualize the average pattern of plasma convection in the polar cap area durin
intervals of positive IMF By patches by analysing data from the SuperDARN radars in a statistical way. In the presentation we
will present the results of this analysis and discuss the origin of the observed preference of patch occurrence for positive IMF B
intervals.
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Investigation of interhemispheric asymmetry of polar cap patch occurrence

# Akiko Kagawa[1]; Keisuke Hosokawa[1]; Yasunobu Ogawal2]; Akira Kadokura[2]; Yusuke Ebihara[3]; Hidekatsu Jin[4];
Kazuo Shiokawal5]; Yuichi Otsuka[5]
[1] UEC; [2] NIPR; [3] RISH, Kyoto Univ.; [4] NICT; [5] ISEE, Nagoya Univ.

Polar cap patches are defined as regions of plasma density enhancements in the polar cap F region ionosphere. The elect
density inside patches is 2 to 10 times larger than the background level. When discussing the generation mechanism of patches
is important to consider the spatial distribution of 1) the daytime high-density plasma and 2) the high-latitude plasma convection
Thatis, to produce patches, there should be a spatial overlap of the above-mentioned two factors especially on the dayside. Taki
this into account, if the distance (i.e., offset) between the geographic and geomagnetic poles (Altitude adjustment correcte
geomagnetic coordinates) is sufficiently large, there should be a period when the entire polar cap is within the dark hemispher
and the intake of daytime high-density plasma (i.e., high-density patches) never happens. Thus, it is predicted that the productic
of patches deeply depends on the offset between the two poles. However, there has been no study that examined the dependenc
patch occurrence (for example, UT distribution and seasonal distribution) on the offset because almost all of the past studies we
targeted for patches in the northern hemisphere (NH) where the offset is smaller ("7 degrees) than that in southern hemisphe
(SH) which is 715 degrees. In this study, we reveal the role played by the offset in the patch production process by investigating
the interhemispheric asymmetry of patch occurrence characteristics.

In order to perform statistics of patches in both hemispheres, we made use of 630.0 nm airglow images from all-sky imager:
operated at Resolute Bay, Canada (OMTIs: 74.7 N, 265.1 E) and McMurdo, Antarctica (AWI: 77.5 S, 166.4 E) during local
winter in 2015. In addition, to visualize the spatial distribution of the plasma density in the entire polar cap, we employed the
GAIA (Ground-to-Topside Model of Atmosphere and lonosphere for Aeronomy) model. As a result of statistical analysis, it
was found that almost no patches were observed in McMurdo during a few hours from 14 to 17 UT. In this time period, the
entire high-latitude plasma convection system in the SH is in the dark hemisphere and there should be no interaction with thi
high-density plasma in the sunlit area. Such a configuration prevents the intake of sunlit high-density plasma which is the primar
reason for the absence of patches in the SH in this specific time period. Similar UT dependence of patch occurrence was n
seen in the NH because of the small offset between the poles. This indicates the difference in the offset between the pole
indeed introduces an interhemispheric asymmetry in the climatology of patches. In addition to the analysis of UT dependence
we investigated the effect of the offset on the seasonal distribution of patches by using in-situ plasma density data from the
Swarm satellites. We found that the occurrence rate of patches is higher during equinoctial periods, especially in the SH. Thi
tendency can partly be explained by the so-called Russel-McPherron (R-M) effect, but the reason for the slight interhemispheri
asymmetry is still unclear. In the presentation, by taking both the R-M effect and the difference in the offset into account, we
discuss the interhemispheric asymmetry in the seasonal variation of patch occurrence rate.
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Numerical simulation of the thermospheric dynamics in the auroral region

# Tomokazu Oigawa[1]; Hiroyuki Shinagawa[2]; Satoshi Taguchi[1]
[1] Grad school of Science, Kyoto Univ.; [2] NICT

www-step.kugi.kyoto-u.ac.jp

The thermosphere and ionosphere in the polar region have been studied for a long time. Recent results of the ground and sat
lite measurements have suggested that local dynamics of the auroral thermosphere and ionosphere are extremely complicat
In particular, in the auroral region, various processes, such as Joule heating, particle precipitation heating, and ion-neutral dre
force enhanced by particle precipitation, are strongly coupled. Previous observations have shown some characteristic mesosc
phenomena such as neutral vertical winds and increasing neutral density in the auroral region. However, the behavior of suc
phenomena is still not well understood. In order to study the mesoscale thermosphere dynamics in the auroral region, nonhyd
static atmosphere models are required instead of traditional hydrostatic atmosphere models. We will report on how the vertice
neutral wind and the neutral density depend on typical parameters in the auroral region, such as electric field, electron densi
and width of heating region using a two-dimensional nonhydrostatic neutral atmospheric model.

MK DEAE - BEEEIXEEICD o TSN TE D, IHFEOH EDHENSDOBIIICK D, ZOXAFI 7 A
Wieh CHMETH B T ENHSHDICE STV, FICA—OIHEEICE N TR, ¥ a—IUINARRI O D AR X BN
OB, IOICEHICK > TEEOHEINUEA A NCKDZ A4 —HtE RSy THOMLERDHELEH L TED,
F—0 FHE OB SHERPEE FH & Vo REINE XY Ay — VR EBEN TS, LA LZDIRS N E
TR ENTOEY, Bl I 2L — a3 V375 LicA—aIMllD XY Ry — VRS ZRIAT 5z 0h
NEFETH BN, ZTOERMNEED IS, kDS X HWLNTEEFKEET IV TRE L, JEHKE P
TR END B, ATl BB D 2 JOtIEF N RKET VWS T LIic kD, A—1 JElo 78
FTA—RTHHEHDORKEEIRETFHEEL X CMATFEOREFICNT 5, FERKDIRETRSHE LA OKFMEIC DN
TRRNTAE R 2T 5,
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Chemical model calculations on Na layer variation induced by energetic particle
precipitation

# Kyogo Takizawa[1]; Takuo Tsuda[1]
[1] UEC

Metallic atom and ion layers, such as NafN&/K ™, Fe/Fe", and Ca/Ca layers, exist in the mesosphere and lower ther-
mosphere (MLT). The height range of the MLT region corresponds to the ionospheric D and E regions, and in the polar regior
energetic particles precipitating from the magnetosphere can often penetrate into the E region and even into the D region. Ther
fore, the influence of energetic particles on the metallic atom and ion layers is of interest regarding changes in atmospheri
composition accompanied by auroral activity or geomagnetic activity.

There are several previous studies on energetic particle effects to Na atom. Decreases in Na density during energetic partic
precipitations were reported from Na resonance scattering lidar and incoherent scatter radar observations during nighttime -
high-latitudes, i.e., wintertime. Using sunlight-induced Na emission data by a low-orbit-satellite, it was revealed that Na densi-
ties were low during the geomagnetically active periods in the polar daytime, i.e., summertime, compared with those during the
quiet periods. Some models based on the Na chemistry indicated that charge exchange reactions Na atoms and background i
(NO™, O,™), which can be enhanced by ionization due to energetic particles, play important role in mechanism for Na densities
decrease induced by the energetic particle precipitation. However, our understanding on energetic particle effects to the Na lay
is still limited. In particular, more quantitative evaluations on the Na chemical processes are needed.

In this study, we have developed a numerical model to understand importance of the Na chemical processes triggered &
ionization, i.e., enhancements of electron and ion densities, due to energetic particle precipitation. The model describes simp
continuity equations related with Na chemical reactions. To investigate the ionization effects to the Na layer, we have perfomrec
two calcurations using the model. One is the case of higher electron and ion densities, i.e., the case of ionization induced b
energetic particle precipitation, and the other is the case of lower electron and ion densities, i.e., the case of no ionization or n
particle precipitation. Such calculations have been done in the two background conditions, which are summertime and winter
time. As the results, we have found that the calculrated Na densities in the cases of ionization were lower than those in the cas
of no ionization in both summertime and wintertime. Under the winter condition, amount of Na density decrease was “3700
cm~3 at 95 km height while that under the summer condition was “2400°ah 94 km height. These summr and winter results
would be fairly consistent with the previous observational results. Thus, the enhancements of electron and ion densities ca
induce Na density decrease through the Na chemical process. In the presentation, we will introduce our model and present tl
calculated results. Furtheremore, we will discuss important chemical processes and background parameters in the Na decre:
due to energetic particles, based on comparisons between results in the summertime and wintertime.
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A statistical analysis of ozone depletion in the polar mesosphere caused by precipitating
solar protons

# Riku Ishijima[1]; Tomoo Nagahama[2]; Akira Mizuno[2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.

It is known that energetic particle precipitation (EPP) into the polar mesosphere induces generation aidNi@O, due
to dissociation and/or ionization of nitrogen and oxygen molecules, leading ozgpel¢Pletion in the upper stratosphere
and mesosphere. In particularg @epletion in the stratosphere and mesosphere was reported at the large solar proton events
(SPEs) that the energetic protons from the sun precipitate into the atmosphere (e.g. Jackman et al. 2005). However, tt
response of the stratospheric and mesospheyiat@he SPEs with the medium and the small proton flux is not revealed. To
understand relationship between thed@pletion and SPEs in the upper stratosphere and mesosphere, we investigated changes o
mesospheric @mixing ratio before and after the SPEs that the maximum of the proton flux over 10 MeV exceeds 10 pfu during
a period in 2012-2015 which are listed by NOAA SPACE ENVIRONMENT SERVICES CENTER, by using jtaataset
observed with Aura/MLS (version 4.2) (Ishijima et al. JpGU2018). We examined the temporal change of the zonal average of
the G; mixing ratio at an altitude of 60 km every 3 degrees from 50 to 80 degrees in geomagnetic latitude over 5 days before anc
after the 6 SPEs with the maximum of the proton flux over 100 pfu during the period, and found significant ozone depletion in a
region where the geomagnetic latitude is more than 70 degrees, and suggested the relationship between the proton flux and-
O3 depletion reduction rate of O Furthermore, we found that the temporal variation of the zonal averagedt®o polar areas
showed a difference in time about 12-24 hours, implying it may be due to difference in time of precipitation of the solar proton
in both the poles. To confirm them statistically, we examine the mesosphgdefietion at the SPEs extended from 2004 to
2017. During 13 years, there are 53 SPEs with the maximum of the proton flux ranging from 12 to 6530 pfu. For all the SPEs, we
estimate the time at which the;@t 60 km most decreases from the average value before the event with the geomagnetic latitude
every 3 degrees, and also estimate the correlation between the maximum of the proton flux at the SPE adegleti@n rate.
In the presentation, we report on the details of these features as well as the feature oféq@efion with the geomagnetic
latitude. In addition, the time difference of the @epletion in both the polar areas through a solar cycle is discussed.

Mt R P8 C 13 L F—hi 7O © JAH (Energetic Particle Precipitation: EPR)& - TEE55) 170 T HM iR
e EEEL T NO, ® HO, Z2E L. ZNHICX DAYV Y (O3) BT B EMHENT WS, KR, Kigh 5 DR
THHIBRRSUCE% D AT KGR T~ X2 b (Solar Proton Event: SPEY W\ Tld, A7 SPERFICHREE - HREE D O3
WO HRE SN TS (21X, Jackman et al. 2005) LA L., H - /NEHR SPEE TED Tz A N2 MR EIT 2 iE
« & O3 DISHICOWTIETNE THRIKIFMBIHE N TWiaL, HLIZTNE TIC, 2012-2015FDHAR T NOAA
SPACE ENVIRONMENT SERVICES CENTER. & % 10 MeV L DG+ 7 5w 7 AH 10 pfuzi 2 % SPEICEH L.
Aura/MLS THEHllE N7z O3 7—X (version 4.2 ZF|H L T, SPERZICIT S HE O3 NOEHZHFRTz (BT
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2B O e & R TlE SPEDRE D IARITRZNUICHTT B O3 DFEEITEWVIC KB AREENE Z BN,
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INHREIE O5 I 5 2 % 8 J3Tz, BARIAICEG 7 5 7 A 10 pfuZziB X % SPEIX 53[EIFEL, 75 v 7 ADHREK
fElx 1255 6530 pfuDHIFHTH > 7z, 2 TD SPEICHBWV T, EE 60 kmICHIF % Oz IRELEMA N2 MDA fED
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lonospheric heating in the dayside polar region during solar minimum and
geomagnetically quiet equinox periods.

# Hitoshi Fujiwara[1]; Satonori Nozawa[2]; Yasunobu Ogawa[3]; Yasunobu Miyoshi[4]; Hidekatsu Jin[5]; Hiroyuki
Shinagawa[5]; Chihiro Tao[5]; Ryuho Kataoka[3]; Huixin Liu[6]
[1] Faculty of Science and Technology, Seikei University; [2] ISEE, Nagoya Univ.; [3] NIPR; [4] Dept. Earth & Planetary Sci,
Kyushu Univ.; [5] NICT; [6] None

The localized and rapid changes in the polar cap ionosphere seem to be one of the important issues for the future spa
weather predictions. From the observations with the European Incoherent Scatter (EISCAT) radar system, some interestir
features of the dayside polar cap ionosphere have been revealed even during geomagnetically quiet (small Kp) periods. In ord
to understand dayside polar ionosphere/thermosphere, we have performed simultaneous observations with the EISCAT Ut
radar (at Tromsoe) and EISCAT Svalbard radar (ESR) (at Longyearbyen). In this study, we report on two examples of significan
ionospheric disturbances observed in the dayside polar region at around or higher than 80 deg latitude with the ESR 32 m anten
(elevation angle of 30 deg) on March 20 and 21, 2018. The quiet ionosphere was observed in the same periods with ESR 42 |
antenna (field-aligned direction) and the EISCAT UHF radar (at Tromsoe). The solar and geomagnetic activities were quite low
F10.7=69 and Kp=0-1-, during the observational periods (07:00-13:00 UT) on both days.

In the first case (March 20), the IMF Bz component fluctuated around O nT before 10:00 UT while the IMF Bz showed negative
values after about 10:00 UT. Strong ion flows were widely seen higher than 80 deg latitude during 09:00-12:00 UT. Before 09:0C
UT, quasi periodic variations of the localized ion flows were seen at around 80 deg latitude. The ion temperature was about 100
K at around 80 deg latitude with some rapid enhancements during the observational period. The electron density showed qua
periodic variations (about 10 minutes) in association with strong ion flows. In the second case (March 21), strong ion flows anc
increases in the ion temperature were observed during the periods of positive Bz. Strong shears of the ion flows and reversals
the flow direction were remarkable at around 08:30 and 09:00 UT. The rapid increase in the ion temperature was seen after 09:(
UT when strong ion flows were observed. The ion temperature was changed from about 900 K to 2000 K within 10 minutes
at around 09:04-09:14 UT. These data sets will be examples which would show features of the dayside polar cap ionosphel
during the solar minimum condition. We will compare the present data with the IPY 2007-2008 data which were obtained from
continuous observations with the ESR during the last solar minimum periods.
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